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URING the last three years a num- mometer bulb, as well as on temperature 
ber of investigations on the at- and air movement; but it has been 
nospherie conditions under which cer- shown by Hill, Vernon, and Hargood- 
tain industries are carried on have been Ash (2) that the wet kata cooling power 
made at the instance of the Industrial can be calculated approximately from 
Mationue Research Board. Their value the wet bulb temperature and the air 
lies largely in the fact that in all of them velocity in accordance with these formu- 
ereat use wasmade of the kata-thermom- lae: 
eter, an instrument invented by Dr. L. E. For air velocities below 1 meter per 
Hill. This instrument has been described second 
detail by Orenstein and_ Ireland H’=(0.35--0.85 Fv) 
ina recent number of THis JouRNAL (1). For air velocities above 1 meter per 
‘or the present purpose it is sufficient to second 
say that it measures the cooling power of H’=(0.10+-1.10 fv) 6 
‘lie air. This cooling power, as measured where v is the air velocity in meters per 
»y the dry kata-thermometer, is depend- second, and 6 is the difference between 
on two factors, the dry bulb tempera- 36.5°C. and the wet bulb temperature. 
‘ce of the air, and its velocity of move- These formulae, and the correspond- 
ut. By means of a simple formula it is 
sible to caleulate the air velocity in 
orkshop from the cooling power. The 


ing dry kata formulae which are re- 





corded by Orenstein and Ireland, were 
“ determined by two independent methods. 
oe —) power of the wet kata-ther- In one of them the air movement was 
‘eter is more complicated, as it effected by drawing air through a ‘‘wind 
ends on the evaporation of moisture tunnel’? by means of a propeller. In 


hy) a ‘ € ry ré © . 
the surface of the kata-ther- the other, the kata-thermometer was 


‘ecelved for publication June 12, 1922. clamped to a metal rod which was 
315 
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revolved ina horizontal plane at a known 
rate, a correction being applied for the 
‘swirl’? set up. The two methods gave 
quite consistent results. 

The adequate investigation of the 
atmospheric conditions in a workshop is 
inevitably a laborious process, as it is 
necessary to make observations, not only 
at various times during the course of the 
working day (and working night as well 
if there is a night shift), but at vari- 
of the year, 
in order to determine the experience 
of the workers at the extremes of heat 
and cold to which they are subjected in 
the course of their daily round of work. 
In addition to the observations in the 
shops themselves, it is very desirable to 


ous times in the course 


make extended observations in the air 
outside the shop, for the importance to 
be attached to a given kata-thermometer 
value depends greatly on the outside air 
eonditions at the moment. 

The observations to be described may 
conveniently be divided into two groups, 
according as they relate (1) to work- 
shops where the nature of the industrial 
processes carried on does not, or should 
not, interfere with the atmospheric con- 
ditions to such an extent as to prevent 
the attainment of what is regarded as 
a normal standard; and (2) to shops 
where the industrial processes are such 
that the usual standards have to be 
relaxed to some extent. 


WorksHops witH NorMat ATMOSPHERIC 
CONDITIONS 


At the present stage of our investiga- 
tions, the word ‘‘normal’’ is necessarily 
somewhat indefinite, for there is no gen- 
eral agreement as to what constitutes 
normality. Dr. L. E. Hill considers that 
the dry kata cooling power ought to be 
6 or more, and the wet kata power, 18 or 


more. 
whieh 


These are convenient stands 
may be accepted for »n 
purposes; but with high outdoor { 
peratures some relaxation may be ne 
sary. Such relaxation is most ea 
determined by considering the temp 
ture and the degree of air moven 
independently. 

Firstly, therefore, we have to de 
what constitutes a normal standard 
temperature in a well-constructed w 
shop. 
temperature of 65° to 67° F. in sb 
where men are moderately active 
able to move about, and a temperatur 
0° to 65° in foundries, smithshops 
carpenters’ shops, where active wor 
the rule. -At an English factory 
standards suggested were several! 


An American firm suggested 


grees lower, while Hambly and Bed?! 


(3), as the result of their observati 


in the boot and shoe trade, suggested : 


temperature of 60° to 65° for an ac’ 


operation such as sole-cutting. Ver 


and Bedtord (4) suggested a sin 
temperature for potters’ shops, \ 
the work is of a continuously a 
character, though it is not heavy. 

a temperature cannot be maintaine 
hot weather, but in England out: 
temperatures 
observed, except in the late morning 
the afternoon, and as there is alwa 
considerable delay in the transmis 
of heat from the air outside to th 
inside a substantially built factor 
should be possible, as a rule, to kee} 
factory temperature only slightly a 
65° when the outdoor temperature is 
At higher outdoor temperatures | 
often possible to keep the factory 

perature slightly below that out 
because of the delay in the transmis 
of heat. Standards of factory temp 
ture in relation to outdoor tempera 
are suggested in Table 1. 


above .65° are sel 
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The reasonableness of these standards 
supported by data adduced by Vernon 
d Bedford, which relate to observa- 
ns made in a fuse factory. One shop 
-estigated was about 200 feet square, 
d it was confined to lathe work. The 
aperature near the center of the shop 
s taken at three-hour intervals be- 
on 9 A. M. and 6 p. o., for several 
it was found that the 


nuiths, and 


bikes 1.—SUGGESTED STANDARDS OF TEM- 
PERATURE AND COOLING POWER 








Dry Kata 
Cooling Power 
and Corresponding 

Air Velocity 


Indoor 
Temperature 


( mtdoor 


perature 








I, : - oi. 

rless) 62.5 (60to65) 6.0= 14 ft.; 7.0=81 ft. 
67.0 6.0= 28 ft.; 6.5—40 ft. 

71.0 6.0= 42 ft. 
75.0 6.0= 94 ft.; 50—47 ft. 
79.0 6.0175 ft. ; 5.0—97 ft. 
4.0—42 ft. 
rage temperature varied only from 
to 65.0° when the outdoor tem- 
ature varied from 37° to 57°. At 
ier outdoor temperatures the shop 


perature usually showed a slight 
ss, and at 62°, 67° and 71°, it was 
pectively 4.1°, 1.9° and 1.2° greater 
‘he shop; but at 77° it was 1.4° lower 
ie shop than outside: If the cooling 
ver is kept at 6.0 at all temperatures, 
‘ollows that the air velocity must 
ve from 14 feet per minute at a 
‘ory temperature of 62.5° to 175 feet 

tactory temperature of 79°. This 
‘cr air velocity would be very difficult 
iaintain, and it has very seldom been 
id in the observations hitherto made. 
‘n velocities of 94 to 97 feet, which 
respond to a kata value of 5.0 at 79° 

to one of 6.0 at 75°, are seldom 
ined; but the velocity of 47 feet, 
ch is required to give a cooling power 
0.0 at a temperature of 75°, is 
juently observed. I suggest, there- 
, that Dr. Hill’s standard of 6 should 
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apply only to outdoor temperatures of 
70° or less, and that at higher tempera- 
tures a standard of 5 should suffice, or 
even less than this at temperatures 
above 80°. The data obtained in the 
workshops of various industries will now 
be discussed in the light of the suggested 
standards. 


The Boot and Shoe Industry—This 
industry was subjected to an extensive 
examination by Hambly and Bedford 
(5), who investigated thirty-five fac- 
tories, situated in seven different coun- 
ties. They made observations at all 
times of the year; but for convenience of 
analysis they divided their results into 
‘‘winter’’ and ‘‘summer’’ observations, 
according as they were made when the 
outdoor temperature was below or above 
00° I. Altogether they made 377 winter 
observations and 276 summer observa- 
tions; the frequency of occurrence of the 
dry kata 
recorded (as percentages) in ‘Table 2. 
Ot the winter observations, all but 5 per 
cent. showed a kata cooling power of 6 
or more, and they may therefore be re 
garded as satisfactory. Of the summer 
observations, 37 per cent. had a lower 
cooling power than 6, and 18 per cent. 
had a cooling power less than 5. To what 
extent were these low values dependent 
on high outdoor temperatures? A tem- 
perature of 70° or more was observed in 
only 10 per cent. of the summer observa- 
tions, and a temperature of 80° was 
never observed; hence the frequency of 
occurrence of kata values below 6 was 
three or four times greater than that 
permitted by the standards suggested in 
Table 1. This excess of low values was 
due partly to the unduly high shop tem- 
peratures, and partly to insufficient air 
movement, as is indicated by the air 
velocities recorded in Table 3. It will be 


various cooling powers is 
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seen that 18 per cent. of these observa. 
tions show less velocity than 25 feet 
per minute, and 60 per cent. of them 
less than 41 feet. It is true that 20 per 
cent. of them showed a velocity of 52 
feet and upwards, or sufficient to yield 
a kata cooling power of 5 at a tempera- 
ture of 75°, but the high air velocities 
did not by any means always occur when 
the shop temperature was high, and ae- 
cordingly the cooling power observed 
sometimes fell below 5, and even below 4. 

In spite of this criticism, the at- 
mospheriec conditions observed in the 
boot and shoe industry must be regarded 
as fairly satisfactory, on the whole. The 
standard of cooling power attained 
applied almost equally well to all depart- 
ments of the industry, as the median (or 
middle) cooling power in each of the six 
departments investigated was always 7.0 
or more in winter, and 6.2 or more in 
summer. Hambly and Bedford point 
out, however, that this uniformity in the 
atmospheric conditions is contrary to 
the rule that cooling power ought to vary 
with the character of the work done. For 
instance, girls engaged in the fairly hght 
sedentary work of boxing and treeing 
shoes were subject to lower tempera- 
tures and higher cooling rates than the 
men engaged in rather heavy manual 
work. 

The Printing Trade—tIn the print- 
ing works investigated, the atmospheric 
conditions were not nearly so satistac- 
tory as in the boot and shoe factories. 
At the request of Dr. Hill, Mr. P. G. 
Edge made observations in ten printing 
works, all situated in London, but the 
majority of the data were collected in 
three large works. It will be seen from 
Table 2 that 216 observations were made 
in winter (January to April), and 66 
in summer (June to July). A cooling 
power of less than 6 was observed in 


08 per cent. of the winter observatio, 
and in no less than 91 per cent. of {| 
summer observations. This was d 
largely to the low air velocities, for . 
will be seen in Table 3 that the medi: 
velocity was only 20 feet per minute 
winter, and 18 feet in summer, or }) 
much more than half as great as in {}). 
boot and shoe factories. 

Lhe Pottery Industry—Observatio 
in the pottery industry were made })\ 


Vernon and Bedford (4). They were 


confined to potters’ shops, where the 
workers are engaged in making’ plates, 
cups, saucers and other articles out of 
moist clay, or china ‘‘slip.’’ The articles 
made are transferred immediately to the 
potters’ drying stoves, usually situated 
in the middle of the shops, into which 
they almost invariably pour out large 
volumes of hot air. For this reason thie 
shops are nearly always overheated, as 
was proved by making systematic series 
of observations in winter and in sum- 
mer. ‘The temperature in the majority 
of the shops was found to be from 5 
to 9° above what is regarded as reaso! 
able, and in some of them the tempera 
ture was over 70° F. for the larger par' 
of the year. It might be thought that 
the passage of heat from the drying 
stoves to the shop is unavoidable, aud 
that the kata records obtained ought ‘0 
be discussed in the next section, uncer 
the heading of industries with abnorma’ 
atmospheric conditions. This is not 59, 
for it has been shown (4) that the 
ward passage of heat is due to the fa 
construction of most of the stoves, 
that stoves do exist which retain p 
tically all their heat. They are hig 
efficient in other ways, and ought 
tainly to be installed in place of the 1 
ficient stoves now found in most pot’ 
works. 

Owing partly to the high shop ' 
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‘atures, the kata cooling power ob- 
ved in potters’ shops are usually very 
As ean be seen from able 2, 61 per 
+ of the winter observations and 89 
eent. of the summer observations 
helow 6. The median (or middle) 
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ture. In Table 3 it will be seen that the 
mean velocities in winter and summer 
were only 17 and 21 feet per minute re- 
spectively, or not much more than half 
those observed in boot and shoe shops. A 
velocity of 25 feet or more was observed 


TABLE 2.-—FREQUENCY OF OCCURRENCE OF DRY KATA COOLING POWERS 











| 

















Boot “—_? ‘ Cotton 
: , ' Printing Works | Potters’ Shops , : 

y Inata and Shoe Shops - " re Weaving Sheds 

{) ling Power a ——~~-7 er “~ iin : . " vr: ‘ at rs jaa + | ee ‘steiiedicieh fmm <r . ti 
| Winter | Summer | Winter | Summer Winter Summer Winter | Summer 
$55 o Oo of o of of >» 
low 4.0 () S 3 26 3 29 (5 28 
1g ] 10 D 26 IS d4 1) Ol 
. 5.9 t it) 30) 39 40) 26 36 19 
, 69 2S 28 BO ) 24 Ss I 2 
74 35 20) 22 () LZ <2 I 0) 
SO iS ) 7 0 » l () () 
» more 14 6 () {) () 0) 0) Q) 
Median cooling power 7.4 G.4 G2 LS o.G 4.5 ».0 ie 
hotal observations 377 276 216 6 289 405 247 1S7 

TABLE 3.—FREQUENCY OF OCCURRENCE OF VARIOUS AIR VELOCITIES 
s00t and Shoe Shops Printing Works Potters’ Shops 
\ir Vel ‘ity — " mr . = “= : 

aie. Winter | Summer Winter | Summer Winter | Summer 

f per min. % “ od, TN “ 
linder 10 ) l f) » | 
15 to 19 21 1% 32 24 
0 to 24 j 25 16 19 21 
25 to BO 21 15 13 1] 13 16 
sl to 35 17 13 7 {) 3 7 
4 to 40 14 14 2 2 1 G 
li to 51 19 20) 4 3 1 3 
) to 74 Q 10 3 I () 0 
f fo or more 7 10 I 2 0 I 
\iedian air velocity 3D OF 20 18 17 21 
otal observations 373 273 216 66 289 463 








VABLE 4—OPEN WINDOWS AT POTTERS’ 


SHOPS IN RELATION TO TEMPERATURE 

















\verage Temperature | Average temperature Percentage of Windows Percentage 
Outdoors in Shop Shut Half Open Open > Window Space Open 
F. °F. 

36.3 66.5 SS S 4 S 
16.3 69.8 78 21 1 1] 
DD.4 (2.2 48 42 10 3 

65.6 76.0 19 61 20 D1 
(Oo) SO.4 10 D7 Oo G2 








~ powers came to 95.6 and 4.9, 
ctively, as compared with values of 
d 6.4 for winter and summer ob- 
‘ions in boot and shoe factories. 
ow cooling power in potters’ shops, 
°r, Was as much dependent on de- 
air movement as on high tempera- 








only in 18 to 38 per cent. of the observa- 
tions made. It might be thought that 
these low velocities were dependent on 
some peculiarity in the construction of 
the potters’ shops, but such is not the 
vase. They were due chiefly to the wish 
of the potters themselves, as was proved 
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by a very simple method. On every ocea- 
sion on which we made observations in 
the shops, we carefully noted the number 
of windows which were (a) closed com- 
pletely, (0) half open, and (ec) fully 
open. Most of the windows were of the 
usual hopper type, which could easily 
be fixed in any of the positions men- 
tioned, but if any of them were perma- 
nently shut up, we ignored them alto- 
evether. 

ln Table 4 are recorded the average 
results obtained in one of the sets of 
shops investigated—namely, those pro- 
vided with ‘‘leat’? and ‘‘draw-out’’ 
stoves. When the outdoor temperature 
varied from 30° to 39.9° (mean, 36.3°), 
the shop temperature averaged 66.5 
his was too eold for the potters, for we 
see that on an average they opened only 
4 per cent. of their windows fully, and 
8 per cent. of them to half their extent. 
Roughly speaking, it may be said that 
the open space is only half as great 
when the windows are in the half-open 
position as when they are in the open 
position, so that in the present instance 
only 8/2+4=—8 per cent. of the total 
available window space was opened up. 
At an outdoor temperature of 40° to 
49.9° the shop temperature averaged 
69.8°, but even this temperature was not 
considered too hot by the potters, and 
they opened only 11 per cent. of their 
window space. At shop temperatures of 
72.2°, 76.0° and 80.4° (corresponding to 
outdoor temperatures of 55.4°, 65.6° and 
73.0), however, they evidently began to 
think that it was rather too warm, for 
they opened 31, 51 and 62 per cent., 
respectively, of their window space. Yet 
even a shop temperature of 80.4° could 
not have affected them very much, for 
they still kept 10 per cent. of their 
windows entirely shut, and 57 per cent. 
of them half shut. The probable reason 





is that they come to the works at th. 
of 14, and they get so acclimatized { 
high temperature that they fee! 
comtortable without it. It shoul, 
stated that the hopper windows ar. sg, 
constructed that they cause no 
when they are in the half-open posi) oy. 
though they may do so when they are 
fully opened. 
In the shops provided with ‘‘dob 


| 


stoves and ‘‘chamber’’ stoves, the 
ters did not keep the workrooms «jjite 
so warm, but they seemed to preter a 
temperature not much below 70°. 

The effect of opening the windows was 
to increase the air currents somewhat, 
though not as much as might be expected 
When the outdoor temperature was at 
00° to 50°, the air velocity in the shops 
averaged 18 feet per minute, while a 
00° to 60° it was 21 feet; at 60° to | 
24 feet; and at 70° to 80°, 29 feet. The 
velocity of the outside air at thes 
perature intervals was 204, 235, 179 and 
176 feet, respectively. 

[t is pointed out by Vernon and 
ford that in considering the e/ 
velocity of the air currents impinging 


on the skin surface of an aciivel 
engaged manual worker, an additioual 
factor has to be taken into consider: {ion 
—namely, the actual body moveieuts 
made. Supposing that a potter, wo is 
working in an air current of 20 fee’ per 
minute, has to move his body all 


average rate of 30 feet per min 
order to carry out his industrial 0) 
tion, it follows that the effecti. aul 
velocity, so far as he is concer 
somewhere between 10 feet per ) 
(when he is moving in the direct 
the air current) and 50 feet (whe 
moving against it), instead of = 


As his movements are made os 
irregular rate, and as the air curl | , 
LTit 


probably variable in direction 























ule is VY 


arry 


VERNON—ATMOSPHERIC CONDITIONS IN INDUSTRY 


oth, it is impossible to fix the effec- 
velocity closely, but perhaps it is, 
ost potters, about midway between 
xtreme possible limits. 


cooling effect of moving air 


ates ehie 


clothes. 
- related 
workers, 
ments. The method of procedure 


rough 


the 


fly on the face and head, for 
est of the body, with the exception 
he forearms, is normally covered 


Hence the observations 
to the head movements of 
rather than to the body 


and ready one, but it gave 


istent results, and was less difficult 
out than a 
od would have been. 
movements of 
ed in making plates on a jolly (a 
dly revolving wheel) were under in- 
cation, a few rough measurements 


accurate 
If, for ex- 
a man en- 


more 


‘range of his chief movements were 
made with a 2-foot rule, which the 


ver held in one hand. In the other 
he earried a stop watch. On start- 
ie wateh he estimated by eye 


an oceasional 


rule to 


glance at the 2- 


serve as a standard) the 


/ 


' of feet through which the potter 
i his head. After two minutes the 
was stopped, and the number of 


moved in. a minute was calculated. 


investigator made two or more sets 


servatio 


All, A 


makers 


were 


yose in 


ul Mov 


Ft. per 


vill be 


exactly the same extent of head 


ns on each worker, and took 
sample series, made upon 


, will show the kind of con- 
cy attained. 


The observations in 
made by one investigator, 
plain figures, by the other. 


ements of Plate Makers 

Min, Mean 

28 24 3029 =28 

32 34 26 25 24—28 , 
$20 Ld - 

28 27 30 99 —29 30 ft. per min. 

o2 37 32 =34 


seen that the men showed 

























o2l 


while the woman moved 
rather more than they. The individual 
workers were usually fairly consistent, 
but not always. For instance, four 
saucer makers in one shop showed head 
movements of 40, 438, 43 and 45 feet, 
respectively, while a fifth moved only 
29 feet per minute. 


movement, 


A large number of observations were 
made on various classes of workers, and 
it was found that in most of them the 
head movements amounted to 20 or 30 
feet per minute. On the other hand the 
mould runners, who have to carry the 
ware to and tro between the potters 
and the drying stoves, averaged 70 feet 
per minute. 

ATMOS- 


W orKSHOPS ABNORMAL 


PHERIGC CONDITIONS 


WITH 


In several of the industries investi- 
gated, the nature of the industrial opera- 
tions is such as to necessitate some 
departure from normal atmospheric con- 
ditions. Especially is this so in certain 
textile processes, such as the weaving 
of cotton and linen goods, for with many 
classes of material it is important to 
have a hot and humid atmosphere; other- 
wise breakages of the yarn are much 
more frequent, 
quantity of the material woven are de- 


and the quality and 
preciated. The need for hot and humid 
air is recognized by the Factory Acts, 
for the regulations 
humidification in cotton cloth factories 
so long as the wet bulb temperature 


allow artificial 


does not exceed 75°, and so long as there 
is a difference of at least 2° between the 
wet and dry bulb temperatures at 70°, a 
difference of 3.5° at 75°, and one of 5° 
at 80° (dry bulb). In flax spinning, linen 
weaving, and worsted spinning, even 
more trying conditions are permitted, as 
a difference of only 2° between wet and 
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dry bulb temperatures is required, what- 
ever the temperature. It is true that 
the manufacturers seldom avail them- 
selves of the extreme latitude allowed 
by law, but observations made in 140 flax 
spinning rooms in Irish mills showed an 
average dry bulb temperature of 80.3°, 
and a wet bulb temperature of 75° (5). 

Colton Weaving.—lt the temperature 
of a shed or mill is systematically kept 
at a high level, it is obvious that the 
cooling power of the air must be greatly 
reduced, unless the amount of = air 
movement is correspondingly increased. 
Ilenee kata-thermometer observations 
are particularly important. A large 
number of observations have recently 
been made by Wyatt (6), relating to 
cotton weaving sheds, and the prineipal 
results obtained are summarized in 
Tables 5 and 2. Seven large sheds were 
tested in winter, and seven in summer, 
about thirty observations being made at 
each season in each shed. It will be seen 
that the dry cooling power averaged 9.2 
in winter, and 4.5 in summer, except in 
one shed. In this the air was not arti- 
fictally humidified as it was in the others, 
and a cooling power of 5.0 was observed. 
The deficient cooling power of the sheds 
is chiefly due to the high temperatures, 
for the air currents had an average 
velocity of 26 feet per minute, which is 
more than that observed in potters’ 
shops and printing works, though less 
than that in boot and shoe shops. ‘The 
wet kata cooling power was even more 
deficient than the dry kata power, owing 
to the humidity of the atmosphere. We 
see that it averaged only 14.9 in the 
winter and 13.5 in the summer, except 
in the unhumidified shed, where it 
showed the nearly normal value of 17.5. 

The frequency distribution of the dry 
kata cooling powers is recorded in ‘Table 
2. It will be seen that in winter time 





half of all the values were below 5. 
in summer time, 28 per cent. of 
were below 4. Only 14 per cent. 0) 4), 
winter observations and 2 per cer 
the summer observations reael) 
ralue of 6. 

The extremely deficient cooling » 
of the air in the weaving sheds dyyiy 
the summer months caused many cor 
plaints among the weavers, and _ {hep: 
‘an be no doubt that they were {\J)\ 
justified in making them. Even jf {hp 
exigencies of the industrial operations 
required a hot and humid atmosphicre, 
this was no excuse for the low air veloc 
ties. By means of suitable ventilating 
fans they could have been greatly in 
creased. Wyatt has suggested anothe 
and very ingenious method of atta 
the same end. He found that the ai 
movement in the vicinity of the weave 
could be much increased by fastening 
strips of material of various widtlis to 
the loom. The most satisfactory metliod 
consisted in attaching the ends of a still 
canvas, 3 inches wide, to the two 
metal supports on the heald roller. A 
horizontal board was used to deflect the 
air toward the weaver, and in col 
sequence the cooling power of the aul 
was raised from 4.6 to 9.0, correspond: 
ing to an increase in air velocity [rom 
21 feet per minute to 252 feet. 


Laundry Trade—tIn addition to the 
textile industries, where a high tempera 
ture is desirable in the interests ©) pre 


duction, there are other industt':> 
which it ean scarcely be avoided, } «ust 
of the heat incidental to the carry oul 
of certain of the processes. 1's 
certainly true of laundry work, : rd- 
ing to the observations of Miss 
(7). A large modern laundry 
vestigated for a week in summ 
in winter, the observations being , 
made at hourly intervals dur 
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-o of the working day. The extreme 
stions in the mean dry bulb tempera- 


' ..... the mean dry kata cooling power 
: the air velocity, calculated from 


© «.e observations, are recorded in 


‘eo 6. It will be seen that in November 
- «ho cooling power did not fall below 4.5 
| y of the rooms investigated, though 
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than 2 in the course of the day. This was 
chiefly due to the high temperatures, as 
the degree of air movement was usually 
fairly good. Still, it was by no means 
sufficient, considering the high tempera- 
tures, and if these high temperatures 
are really unavoidable, they must be 
compensated for by greatly increased 


TABLE 5.—MEAN ATMOSPHERIC CONDITIONS IN COTTON WEAVING SHEDS 


























Sheds Number of | Number of Dry Bulb Wet Bulb Dry -— ., | Wet 
‘ . : oan Bo , Air Velocity | ,- 

Investigated Operatives: Observations emp. emp. Kata Kata 

7 ° °F ft. per min. 
yumidified sheds in winter 278 oo 70.7 65.9 5.2 °6 14.9 
(; humidified sheds in summer 278 27 TA.7 70.0 4.3 26 13.5 
| nuhumidified shed in summer 260 24 (2.1 G2.8 5.0 2S 17.5 

TABLE 6.—DIURNAL VARIATIONS IN ATMOSPHERIC CONDITIONS AT LAUNDRY 
Observations in November Observations in August and September 


ince Investigated 





At folding table GS.5 to 75.2 7.5 to 4.8 
At ironing table 72.0 to 76.0 6.0 to 4.6 
Press room 73.0 to 80.0 6.8 to 4.5 
(‘glender room — omeens 
Collar packing room — — 


Air outside (at noon) 56.5 16.2 


Dry Bulb Temp.| Dry Kata | Air Velocity 


"ee ee oe ee coe 
ten Dry Kata |A\ir Velocity 
| 


Temp. 
ft. per min. ~o. ft. per min. 
48 to 94 66.0 to 79.5 8.6 to 4.3 66 to 113 
35to 71 73.0 to 84.9 5.8 to 2.4 24to S1 
S2 to 141 73.9 to 93.0 6.4 to 1.3 52 to 120 
— 69.0 to 83.0 6.4 to 2.6 Sto 52 
—— 70.0 to S6.0 5.4 to 2.5 Ito HG 
289 76.7 G.S 1S1 








ile temperature rose as high as 80°. 
This was owing to the considerable 
degree of air movement, which was 
induced largely by ventilating fans. The 
iluiner observations were made during 
weather, and in consequence the 
‘cmperature in the laundry rooms was 
over 80°, and sometimes over 90°. 
oling power fell to less than 3 in 
' the five rooms investigated, in 
‘pic of the faet that there was usually 
amount of air movement, and 
ually a considerable amount. 

‘vations lasting one or more days 
ade in the hand-ironing and 
' rooms of ten other laundries. 
‘hree of the hand-ironing rooms, 
of the ealender rooms, did the 
power reach the standard value 


ch above 3, while it fell to less 


‘in several of the rooms it never 


artificial ventilation. 
CONCLUSION 


Probably it will be admitted that 
the observations deseribed, though they 
relate to comparatively few industries, 
are sufficient to indicate the value of 
the kata-thermometer in industry. It 
is evident that systematic investigations 
ought to be made in all our chief in- 
dustries, in order that it may be possible 
to estimate and compare the atmospherie 
conditions to which the various classes 
of workers are subjected. If the condi- 
tions observed are expressed in terms of 
temperature and air velocity as well as 
in cooling power, it will be possible to 
see at a glance in what direction im- 
provements of the conditions ought to 
be attempted. It will no longer be 
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sufficient for a manufacturer to explain 
that his industrial process requires a 
high temperature or a_ humid §at- 
mosphere, if we find that he is making 
no attempt to counteract these require- 
ments by the establishment of greater 
air movement. Again, if we find that in 


some of the workshops of an indy. py 
the atmospheric conditions are res). 
able, and are effected without los. of 
efficiency, we shall be justified in ex) .¢. 


ing other and less satisfactory \ 


shops to conform to similar stand: yds. 
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PREPARATION OF HATTERS’ FUR: A CHEMICAL STUDY OF 


THE CARROTTING PROCESS* 


JoHn R. Jounson, Pu.D. 


1K process of preparing fur for 


felting purposes by treatment 
. mereurial solution has been com- 


practice for a great many years, 


dates back to the beginning of the 


eenth century in France. In early 
the procedure was kept strictly 
( and it was given the name sécré- 
During the eighteenth century the 


edge was earried to England and 
ecret was communicated to a num- 


workmen, who gradually passed 
in England and America the pro- 
| sécrétage 1s called carrotting, and 
olution used for this purpose is 
as the earrotting solution, or sim- 
‘carrot. 
pite its highly poisonous character, 
ry continues to be used for this 
“¢, and elinieal records show a 
iumber of cases of chronic mer- 
‘im among workers in the felt hat 
Kifforts have been made to 
'e a non-poisonous metal for 
but they have not met with sue- 
he present investigation was un- 
with the idea of studying the 
ig process and attempting to 
mereury by an innocuous sub- 


dicate the role of carrotting in 
aration of felt hats, the follow- 
summary will suffice: 


‘ion of the Carrot.—Althougn there 
on among hatters’ furriers, the or- 
rotting solution is essentially made 
ng one part of mercury in five 


for publication Oct. 20, 1922. 


parts of strong nitric acid, and diluting 
the resulting solution to the desired specific 
gravity, 10° to 13°Bé. In dissolving the mer- 
cury, large quantities of oxides of nitrogen 
are evolved, and precautions must be taken 
to prevent the escape of these gases into the 
working rooms. It is stated in the French 
literature that the solution for white ecarrot- 
ting is made in the proportion of one part of 
mereury to three of nitric acid, but this modi- 
fication is not commonly used in America. 
Preparation of the Hat-Bodies—The skins 
of rabbit, hare, and nutria are opened, shaken 
out, and brushed, in order to remove dirt and 
loose hair; the long hairs are then removed by 
plucking, leaving the short soft hairs, called 
the fur. The brushed fur is treated with the 
carrot, which is applied by means of a stiff 
brush, manipulated by hand or by machine. 
The exeess of the solution is drained away 
and the pelts are then dried. The drying may 
take place at a high temperature (120° to 
150°C.); or at a low temperature (30°C.), 
by circulating a current of warm dry air over 
the pelts. In the first ease the drying is com- 
plete in less than one half-hour, but the fur 
becomes yellow in color owing to the action of 
the hot nitrie acid. This quick method, 
known as yellow carrotting, is very extensive- 


ly used in America. The second method, 
ealled white earrotting, requires a much 


longer time, but in this case no discoloration 
is observed. After they are dry, the pelts are 
again brushed to remove dirt and loose hairs, 
The brushed pelts are then fed into the cut- 
ting machine, where the fur is removed in 
such a way that it retains its original form, 
The skin, which is completely shredded, is col- 
leeted and sent to glue factories. The cut fur 
is kept in bags until used, and may be stored 
thus for an indefinite period. 

The eut fur is fed into the blowing machine. 
in which it is picked apart and tossed about 
in a current of warm air in order to remove 
dirt, and to separate the coarse hairs and 
matted parts. The blown fur is weighed and 
fed into the forming machine in which, by 
suction, it is drawn against a revolving copper 
cone. This cone is perforated and measures 
27 by 29 inches. The cone, covered with fur, 
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is removed from the machine and wrapped 
loosely in a wet cloth. The whole is then 
immersed in water for a short while, and the 
eover cloth and formed hat are removed from 
the cone. The loose felt is subjected to the 
forming and sizing process, in which it is 
alternately immersed in hot water, and knead- 
ed on a wooden plank. The felt thus becomes 
more compact, and is shrunk to the desired 
size. The subsequent steps differ with the 
kind of hat which is to be made, but as far as 
earrotting is concerned, the finishing processes 
need not be considered. 


The aim of the present work is to study 
the carrotting process, and to find some 
non-toxic material which will produce 
the same effect as mereury. A number 
of salts of the common metals have been 
tried as carrots, but the felt produced 
in this way was always greatly inferior 
to the control mercury-carrotted speci- 
men. The data and list of solutions used 
are shown in Table 1. 

The change which is brought about 
during the carrotting process is quite 
essential for the suecessful felting and 
shrinking of the fur, and this has been 
the subject of numerous investigations. 
The very first workers noted a change 
in the appearance of the hair after ecar- 
rotting. Kxamined under a microscope, 
the natural hair appears smooth in out- 
line; after carrotting, the epidermal lay- 
er of cells is opened out and the edge of 
the hair appears rugged like the teeth 
of a saw. The difference is illustrated 
in Figures 1 and 2. 

It is to this slight change that the 
beneficial action of the carrot is attrib- 
uted. According to Saboureaud, quoted 
by Chaplet, ‘‘the effect of ‘sécrétage’ is 
primarily to soften and render supple 
the keratin which forms the sheath of the 
hair; secondly, to loosen slightly the cor- 
tical cells, which are tightly fitted to- 
evether, in such a way that they remain 
in place but can be dissociated much 
more readily by crushing; and finally, in 





certain cases, to modify the color by 
acting on the hair pigments.’’ 

Hillairet concludes from his work ‘}aj 
the interlacing during felting is not due 
to the development of epithelial inegqualj- 
ties, but chiefly to the extreme flexibility 
of the fibers after the destruction of their 
sheath. The subsequent immersion jn 
hot water, and the resulting tendency to 
twist, assist considerably in the intriea- 
tion of the fibers under the influence of 
pressure. This explanation appears to 
be satisfactory, and has been generally 
accepted. 

In addition to this change, carrotting 
gives the fur an added weight, which 
makes the blowing process much more 
effective. Whereas it is very difficult to 
blow untreated fur, the added weight of 
the carrotted fur is an advantage at this 
point. There is little doubt that any 
metallic salt which produced a satisfac- 
tory carrot, would give the same effect 
in blowing, for the latter is_ purely 
mechanieal. 

The chemistry of carrotting has been 
investigated by several French workers, 
and a number of ideas have been given 
concerning the ‘‘active principle’? of the 
mereury carrot. Hillairet regards the 
mereury as superfluous and attributes 
the action solely to nitrated and itro- 
sated compounds formed by the action 
of nitrie acid and of the nitrous acid 
which is liberated in a nascent state i 
the presence of the organic matte! Oth- 
ers have suggested that the m curi¢ 
nitrate penetrates into the hair ar. sul 


ply prevents the acid from act! 100 
vigorously. It is certain that nit acid 
alone, or with certain other tallic 
nitrates, when applied in the us! way 
fails to give a satisfactory carl ‘3 

a litt 


the resulting felt is inferior in 
(Table 1). 
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‘itrous acid appears to be an impor- 
t factor in the process and may orig- 
jte in two ways: (1) Undoubtedly con- 
‘erable quantities of mercuric nitrite 
. formed by the solution of mercury 


























Natural hair x 1350. 


rong nitrie acid; (2) large quantities 


iascent nitrous acid are formed by the 


AC y} 


11 Of nitric acid on organic matter. 

not unlikely that mereuric salts 

ze the decomposition of nitrie acid 

presence of organic matter, and 

s way facilitate the formation of 
Ss acid. 


Resumé or Previous Work 


Ce ——More hundred 


‘so attempts were made in France 


than one 


l 


a suitable non-mereury carrot. 
‘yas 1817,Guichardiére presented 
the Société d’Encouragement des 
Seerétés sans Mercure a method 
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using sulphuric acid. In the same year, 
Malard and Desfosses were granted a 
patent for the use of an alkaline carrot 
containing two parts of soda to one of 
quicklime. Bredut (1), who directed the 























Fic. 2.—Mercury-carrotted hair x 1350. 


practical tests, stated that the ‘‘form- 
ing’’ of fur carrotted in this way was 
exceedingly slow, and the results were 
very irregular. 

In 1869 Hillairet (2) proposed a non- 
mereury carrot based on his idea that 
mereury was not essential, and that the 
products of the decomposition of nitrie 
acid were sufficient. As an organic sub- 
stance to facilitate the decomposition he 
employed sugar or starch’, or, on a 


*The procedure of Hillairet is practically the 
same as that given in a communication from J. IL. 
Roessler in Paris, which was patented in England 
by J. H. Johnson, in 1867. This patent “consists 
in substituting for the preparation of mercury, car- 
bohydrates, or other substances capable of decom- 
posing nitric acid into nitrous acid; e.g., raw or 
refined sugar, gum, and starch.” 
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larger scale, molasses, since it was 
cheaper. 

According to this procedure two solu- 
tions are prepared: A, containing mo- 
lasses; B, containing nitric acid. 


White Carrot 


Ke. 

oe ee ed. eee ae 8.5 
SN 4-0 ise peek ee ck 6s ee oka 14.0 

B. Nitrie Acid (38° Bé.)............ 12.0 
WEE ds oh ea ia seeks 12.0 

Yellow Carrot 

Ke. 

| Rc <n 8.0 
BN Sang 0 sear aie Dnt OG 19.0 

B. Nitric Acid (38° Bé.)............ 16.4 
WO as 5 hoo etek ae wick 16.0 


Solution A is applied first, followed 
immediately by B, and the pelts are dried 
in the usual manner. When dry the ex- 
cess of molasses is removed by washing 
with water, and after brushing, the pelts 
are allowed to dry very slowly. After 
this the normal procedure is followed, 
and according to the literature a very 
eood felt results. Even though a good 
felt were obtained (which seems doubt- 
ful), this modification would not meet 
with success on account of the increased 
amount of labor necessary. 

In 1884 Grossot (8) patented the use 
of a mixture containing creosote oil, alco- 
hol, water, and nitric acid. In 1887 Dar- 
eelos (4) patented the use of cold dilute 
aqua regia, containing one part of nitric 
acid to three parts of hydrochloric acid. 
In 1890 Fabre (5) patented the use of a 
mixture of turmeric, alum, salt, and sul- 
phurie acid. 

In 1891 Bure (6) obtained two patents 
including more than ten different ecar- 
rots. In the latter are ineluded nitric, 
sulphuric, oxalic, and acetic acids, and 
the nitrates or sulphates of potassium, 


zine, ammonium, copper, iron, antimony, 


sodium. tin, and alumimum. 





In 1892 to 1893 Lussigny (7) paten; | 
a white carrot consisting of a cau: 
alkali, and a yellow carrot consisting »; 
carbon and nitric acid. <A dilute solut; 
of potassium hydroxide, it is stated, os -¢ 
the best results, and is said to have }).. 
employed with favorable results by 4 
French manufacturer. The latter failed 
in 1897, on account of the fact that other 
firms discredited his product. It is stat. 
ed by Levitzky (8) that the procedure of 
Lussigny was used with success in Mos- 
cow, and by 1907 was being employed in 
a large number of Russian workshops. 
A good account of the French attitude 
and a summary of previous work is 
found in Chaplet’s article (9). 

At the International Congress of Hat 
Workers in 1907, the procedure of Ron- 
jat (10) was received with great favor. 
This consists in the substitution of 
nitrates of tin for mercuric nitrate, with 
or without the addition of sodium nitrite. 
The statements of Ronjat (quoted by 
Martial, 11) seem rational and logical, 
apparently representing the best work 
that has been done on the subject. [lie 
result of a single trial of tin is reported 
in Table 1, and although a poor felt was 
obtained, this was not taken too scr 
ously since it must be remembered tliat 
each step in the felting process, as 110 
carried out, has been designed to sive 
the best result with a mereury carol, 
and undoubtedly modifications wi 
necessary to suit a change in the car?! 

England.—A number of patents 
been granted in England for non 
cury carrotting solutions, but these 
been chiefly of French origin. A’ 
International Congress in 1912 Ty! 
(12), in a report on mercurial pois®’ + 
referred to the modifications of |" 
‘astle, using the nitrates of iro) 
zine, zine chloride, and nitrous aci 
the same year Lloyd and Gardne! 


























jorted a number of analyses showing 
» mereury content of hats, hat-bodies, 
fur at various stages in the process 
hat making. 
in 1914 a patent was granted to L. F. 
ris (14) for the use of sodium nitrite, 
dium hypochlorite, zine chloride, and 
‘rie and hydrochloric acids. This com- 
sation of many active substances is 
rtainly too destructive to be used in 
» ordinary manner, and no report of 
use has been found further than the 
ims in the patent itself. 
l'nited States—Although little work 
non-mereury carrots has been pub- 
shed in America, a great many clinical 
vestigations of mercurial poisoning 
-e been made. The first comprehen- 
ve work was that of Dennis in 1878 
(5). The report of Mrs. Linden W. 
Bates (16), and that of Louis Harris 
(17), are regarded as the best in recent 
VCars. 
11 1917 Braun (18) patented a method 
cousisting in the use of a hot aqueous 
‘ition of sodium earbonate. The pat- 
i claims that eut fur can be used, and 
the hides ean therefore be saved and 
das cheap leather. In the ordinary 
cedure the hides are completely 
siredded and can be used only for the 
preparation of glue. Although very 
ite directions are given in this pat- 
the results claimed could not be 
icated in a large series of trial ex- 
ents. Several variations were at- 
ted using sodium carbonate, and 
ash, but the results were never sat- 
Ory, 


EXPERIMENTAL WorkK 


cre were two problems to be con- 
ed in connection with this series of 
‘iments: first, the selection of chem- 
cagents to be used; and second, the 
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choice of a suitable standard for com- 
parison. In selecting the substances to 
be tried as mercury substitutes, several 
courses were followed: An attempt was 
made to replace mereury by another sub- 
stance which would act in the same man- 
ner; solutions recorded in the patent lit- 
erature were duplicated; and new com- 
binations were tried, either at hazard, 
or in accordance with theories of the 
mechanism of carrotting. 

Assuming that mercury dissolves in 
nitrie acid according to the equation, 


3He-+SHNO,—3He(NO,).+-4H,0-+2NO, 


the ordinary mercury carrot prepared 
by dissolving one part of mereury in 
five parts of nitric acid (40°Bé.) would 
contain one gram-equivalent of mercuric 
nitrate (162 gm.) to three and one-half 
equivalents of nitric acid. In a series of 
tests using other metallic nitrates with 
nitric acid, the ratio of one equivalent 
of metallic salt to three and one-half 
equivalents of nitric acid was preserved, 
in order to vary the nature of the carrot 
as little as possible. In actual practice 
the mercury carrot is diluted to a spe- 
cific gravity of 12° to 18° Bé. (1.090 to 
1.098), and in accordance with this pro- 
cedure the test solutions were in most 
cases diluted to 18° Bé. 

In selecting the metal nitrates to be 
used in replacing mercuric nitrate, the 
Mendeléeff periodic system was found 
useful, since in this table the elements 
with similar properties occur in the same 
eroups. From this, zine and cadmium 
seemed promising, but the actual results 
with these metals were discouraging. 
Using the horizontal series as a guide, 
lead and bismuth were suggested, but 
unsatisfactory results were also obtained 
with these nitrates. Although the felt 
obtained by substituting lead was of an 
inferior quality, it was judged as the 
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best of the non-merecury carrotted speci- 
mens. ‘This is rather unfortunate since 
the poisonous character of lead salts pre- 
cludes any attempt to perfect a lead 
carrot. 

In addition to the nitrates of the 
metals already mentioned, salts of a 
number of common metals were tried 
out on a small seale in the laboratory, 
and a few on a larger seale in the factory 
of the John B. Stetson Company of Phil- 
adelphia.* The results of these tests are 
shown in Table 1. 

One of the most important considera- 
tions in carrying out this series of ex- 
periments was the choice of a suitable 
standard, since no simple comparative 
method was available. The ideal way 
would be to carrot the pelts with an ex- 
perimental solution, convert them into 
felt in the usual manner, and compare 
the experimental felt with a control 
mereury-carrotted specimen. ‘The ob- 
jection to this method is the expense in- 
volved, since the ordinary blowing ma- 
chine cannot be successfully operated 
for a charge of less than 14% to 2 pounds 
of fur, representing from fifty to sixty 
pelts. It was therefore advisable to find 
a means of making preliminary tests and 
of reserving the large seale tests for a 
small number of the more promising 
solutions. 

As a preliminary method, the micro- 
scopic examination of the dry hairs af- 
fords an easy means of following the 
experiments, but in general the results 
are not reliable, because the changes are 
slight and the difference between indi- 
vidual hairs is great. Sinee the indiea- 
tions obtained by this method were not 
in good agreement with those obtained 


?The writer wishes to acknowledge his indebted- 
ness to the John B. Stetson Company for its co- 
operation in carrying out a number of practical 
tests. They were kind enough to place at his dis- 
posal the records of their experiments, and to assist 
and advise in many ways. 








by the first method, the results of j. 
actual felting were accepted as final, « \4 
the microscopic examination was y<0d 
merely as a preliminary step. 


Techme and Experimental Resuli. 


The series of experiments was divided 
into two groups: one, executed in the 
plant of the Stetson Company; and ap. 
other, carried out on a laboratory scale 
at the Harvard Medical School. In the 
first case the trial carrotting solution 
was substituted for the mereury carrot 
in the ordinary routine, and the whole 
procedure was completed in the usua! 
way. The behavior of the trial specimens 
was carefully recorded and compared 
with that of mereury carrotted fur. In 
Table 1, the behavior during’ shrinking, 
the time of shrinking, and the quality of 
the felt obtained from a series of experi. 
ments, are recorded. 


TABLE 1.—RESULTS OF EXPERIMENTS WITH 
VARIOUS TEST SOLUTIONS* 








Yellow Carrot White Carrot 


| 
pases ——— 


} 





| | 
| | 
| 





Shrinking 


Time 


| 


Shrinking 


Test 
Solution 
Time 
elt 


| | aoaie 








hours hours 

1 slow 21-2 = fair fair 2 ir 
2 slow 214 3 poor very slow s vel or 

3 fair 2 fair fair 2 

4 fair 2 fair fair 2 1-4 

D fair 2 1-4 fair slow 21-2 

6 fair 2 fair fair 21-6 
T fair 2 fair slow 2 1-4 

S very slow 3 poor very slow = 25-6 

9) fair 2 fair fair 2 
10 good 15-4 good fair 2 . 
11 very good 11-2 very good very good 1 2-5 ve! ( 
12 good 2 fair impossible 

13 fair 2h.5m. poor poor 29-6 J 
14 fair 2h.5m. good fair 2 3-4 wd 








*In the comments made by the Stetson Co 
the standard for comparison is the mercur 
rot in ordinary use in that factory. The | 
quired for shrinking with this carrot is | 
one hour and thirty minutes and one ho 
forty minutes. They considered that solul 
14—namely, copper dissolved in nitric a 
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Preparation of the Test Solutions 


One part of lead was dissolved in four 
of nitric acid (40°Bé.) previously 
| with water, and the resulting solu- 


diluted to 13°Bé. 


~ 


1 ¢ 


One part of zine was dissolved in six 
of nitrie acid (40°Bé.) previously 
“| with water, and the resulting solu- 


diluted to 13° Bé. 


+ 


t 


One part of zine was dissolved in twelve 
of nitric acid (40°Bé.) previously 


‘ed with water, and the resulting solu- 


liluted to 13°Be. | 
One part of tin was treated with four 
of nitrie acid (40°Bé.) previously 


‘ed with water, and the resulting mix- 
which contained a white precipitate of 
‘y-stannie acid, was diluted to 13°Bé. 


Two parts of potassium permanganate 
dissolved in thirty-eight parts of water, 
one part of nitrie acid (40°Bé.) and 


nart of econeentrated sulphuric acid were 
d. The resulting solution had a specific 
itv of 11.5°Bé. 


One part of cupric nitrate crystals 
NO. ),.3H.O) was dissolved in water, and 


- parts of nitrie acid (40°Bé.) were add- 


i> 


The resulting solution was diluted to 


Three parts of cadmium nitrate crys- 
Cd(NO.),.4H.0) were dissolved in wa- 


and seven parts of nitric acid (40°Bé.) 


added. The resulting solution was di- 
to 13° Be, 

(ne part of soda-ash was dissolved in 
parts of water. 


Pure nitrie acid was diluted to a spe- 


vravity of 13°Bée. 
One part of mereury was dissolved in 


parts of nitrie acid (40°Bé.), and the 


ng solution diluted to 13°Bé. 

Control experiment: One part of mer- 

as dissolved in five parts of nitrie acid 
. and the resulting solution diluted 

be. This is the ordinary mereury ear- 


our parts of bismuth subnitrate were 
| in nine parts of nitrie acid (40) 
| the resulting solution diluted to a 

vravity of 13°Bé. 

ne part of cobalt carbonate was dis- 
three parts of nitrie acid (40°Bé.), 
resulting solution diluted to a specific 
r 13°Bé. 


dissolved in nitric acid—gave the best 
voth yellow and white carrot. results 
enough to warrant further experimenta- 
| equal to the results obtained with ordi- 
irlal carrot. 
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14. One part of copper and one part of 
zine were dissolved in eleven parts of nitrie 
acid (40°Bé.), and the resulting solution 
diluted to 183° Bé. 


Several experiments were made using 
the sodium carbonate procedure patent- 
ed by Braun (18), but no suecessful re- 
sults were obtained. In these experi- 
ments, cut fur was treated with hot 
aqueous sodium carbonate solution for 
definite periods of time (thirty to forty- 
five minutes), centrifuged to remove ex- 
cess of the carrot, formed, and hardened 
in the usual way. In general the shrink- 
ing was very slow and the felt poor. A 
similar experiment with the regular mer- 
cury carrot applied to cut fur, gave a 
very poor felt. 

On a small seale, the following technic 
was employed: The brushed skins, which 
had been crudely clipped by hand, were 
impregnated with a test solution by 
means of a small brush, and dried in a 
small gas oven at temperatures varying 
from 40° to 120°C. After they were 
dry, the skins were brushed and allowed 
to stand at room temperature for several 
days.’ Specimens of fur were then cut 
from the back and sides and examined 
under high magnification. For compari- 
son, natural hair and mereury-carrotted 
specimens were used. By this method 
the carrots could merely be arranged 
into large groups; there was no ac- 
curate means of distinguishing between 
individuals within the groups. 

To denote the various types of results, 
four groups were made, corresponding 
to the brief descriptions: (1) good; (2) 
fair: (3) fair to poor; (4) poor. These 
terms are indefinite, but the inaccuracy 
of the method does not permit any more 
definite statements. 


*In actual factory manipulation, carrotted pelts 
are usually stored at least three months before the 
fur is cut. 
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Group 1.—Mercurie nitrate with nitrie acid 
(control). 

Group 2.—Nitrate of silver, copper, cad- 
mium, lead, bismuth, cobalt, zine, nickel, or 
aluminum with nitrie acid. 

Cuprie chloride and formic acid. 

Zine and potassium sulphates with sulphu- 
ric acid (white earrot). 

Group 3.—Stannie chloride with nitrie 
acid. 

Nitrate of iron, sodium, or calcium with 
nitrie aeid. 

Nitrie acid alone. 

Sulphate of copper, cobalt, aluminum or 
manganese with sulphuric acid. 

Sulphate or chloride of cobalt, copper, or 
manganese with hydrochloric acid. 

Group 4.—llillairet’s procedure. 

Mercurie chloride with hydrochlorie acid. 

Hydrogen peroxide, 3 per cent. solution. 





332 THE JOURNAL OF INDUSTRIAL HYGIENE 
i 
5 | 
ll, — 
ric. 5.——Natural hair. Fic. 4.— Tin-carrotted hair. Fig, 5.—Cadmium-carrotted hair. 
| 
| 
| 
nd | 
Fic, 6.—Silver-carrotted hair. lic. 7.—Copper-carrotted hair. Fig. 8.—Mercury-carrotted hair. 


Dargelos’ procedure (dilute aqua regia). 

Antimony sulphate and sulphuric 3 | 

Sulphuric, hydrochloric, formic or + <ctle 
acid, alone. 

Potassium hydroxide. 

Sodium carbonate. 

Sodium stannite. 


In certain cases photomicrog: \pis 
were made of the specimens, and ere 
found to be very useful for com) ing 
results. The accompanying plates 88: 
3-8) show a series of photographs fur 
from four typical experiments ‘ith 


photographs of natural hair anc 1" 
re n 

eury-carrotted hair for comparis' 
\m- 


these experiments the ratio of one 
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‘valent of metallic nitrate to three 
one-half equivalents of nitric acid 
used, and the yellow-carrotting pro- 
re was followed. 
he results of the experiments which 
thus far been completed have 
vn that the problem of finding a non- 
ury earrot is indeed an empirical 
Since each step in the present 


cess of preparing felt, with a mer- 
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cury carrot, has been gradually pertect- 
ed during the course of several centuries, 
it is not surprising, nor discouraging, to 
find that the early attempts to replace 


this earrot are not suecesstul. 


Undoubt- 


edly the adoption of a new carrot will 
involve the alteration of numerous small 
details in the routine procedure, in order 
to produce a felt of the quality that is 
now produced. 
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\I | NERS’ 


is 3 Necretary to the Miners’ 
1 publication of the ‘‘ First Report 
| of the Miners’ Nystagmus Commit- 
s e’? (1) (referred to hereafter as the 
i : ‘eport) brings into prominence the close 
-onnection between the incidence of cer- 
fied cases of miners’ nystagmus and 
‘he payment of compensation. 
This aspect of the subject is dealt 
ith in the present communication, and 
ne data upon which it is based were 
lected by the writer for the use of the 
The expenses of the inves- 
ligation were met by a grant from the 
\ledical Research Council. 


(‘ommittee. 


STAGES OF THE DISEASE 


The primary symptom and physical 
sign of the disease is a rapid and rota- 
tory oscillation of the eveballs occurring 
mong coal miners who have been em- 
ployed below ground for a considerable 

riod of time, amounting, on an aver- 
ive, to twenty-six vears. The condition 
may be either latent or manifest. 

uring the latent stage, which may 
rsist throughout working life, al- 
ugh the objective oscillation of the 
balls is present, the miner is unaware 
iis condition, and experiences no dis- 
tv. The latent stage, which may be 
't or long, passes into the manifest 
either suddenly—following upon 





ecident or some concurrent illness, 
as influenza—or gradually. At this 


surrounding objects 


appear to 
and revolve before the sufferer, 
vision fails, particularly at night 


ceived for publication June 10, 1922. 





: NYSTAGMUS FROM THE POINT OF VIEW OF THE WORK- 
: MEN’S COMPENSATION ACT* 
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T. Lisrrr Lueweiiyy, M.D. 


Nystagmus Cominittee, London 


and tor skilled work; at the same time 
mental irritation often develops with 
post-cranial headache and broken sleep. 


When the disease reaches this stage, con- 
o> 


tinued work below ground becomes im- 
possible. 

work underground for 
from six to twelve months is generally 
followed by the disappearance of all ob- 
jective signs, and usually results in per- 


Cessation of 


manent cure, especially if the miner is 
suitably employed. 
derground work, however, relapse may 


If he returns to un- 
take place. But during this convalescent 
stage, especially when compensation has 
been established, the subjective symp- 
toms already reterred to may be con- 
verted into a well-marked and persistent 


neurosis. 
FINDINGS OF THE COMMITTEE 


Before entering upon further discus- 
sion of the disease it will be well to reter 


the Com- 


to the main conclusions of 
mittee, which are as follows: 


1. The essential factor in the production 
of miners’ nystagmus is deficient illumina- 


tion. Other factors, such as position during 
work, accidents, alcoholism, infections, mal- 
nutrition, hereditary predisposition, and 


errors of refraction, are of secondary impor- 
tance only, while depth of workings, thickness 
of seams, and the ordinary gaseous impurities 
in mine air have no direct influence on the 
disease. 

2. The deficient illumination is due to the 
low illuminating power of the safety lamps 
generally used by coal miners, to the distance 
at which these lamps have to be placed from 
the objects at which the miner has to look, 
and to the great absorption of light by the 
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coal and the coal-dust covered surfaces. In ad- 
dition the effect of coal dust or dirt in obseur- 
ing the lamp glasses, the choking of the wire 
gauze chimneys, and the presence of moisture 
or low oxygen percentage in mine air, all 
reduce the light given by oil lamps; while 
failing voltage, poor bulbs, or lack of proper 
attention, have similar effects on illumination 
given by electric lamps. 

3. Workers at the coal face are more af- 
fected than other underground workers, and 
this appears to be due to the unrelieved 
blackness of the coal and the greater need for 
accurate vision. 

4. Distinet signs of nystagmus are present 
in a large proportion of coal miners, though 
only in a small proportion do the symptoms 
ever become so severe as to cause even tempo- 
rary incapacity for work underground. 

The Committee recommends that since in- 
capacity due to nystagmus is rare among 
eoal miners working with open lights, every- 
thing possible should be done to make the 
standard of illumination of the objects looked 
at by the miner equal to that of an open-light 
pit. This ean be effected at the coal face and 
elsewhere either by greatly increasing (to 
about two or three candles) the illuminating 
power of safety lamps as ordinarily used, or 
by the use of an electrie light capable of 
being fixed on a miner’s head, belt, or other 
convenient position, so that the light is auto- 
matically brought nearer the working area 
and does not impair clear vision by shining 
directly into the eyes. At parts of the pit 
other than the coal face the visibility of ob- 
jects ean be greatly inereased by white- 
washing, as well as by the stone dusting now 
obligatory for the prevention of explosions. 
The Committee believes that by the applica- 
tion of these remedies miners’ nystagmus of 
sufficient severity to cause disablement can, 
by degrees, be entirely prevented. 


INCIDENCE OF THE DISEASE 


In Great Britain—On May 22, 1907, 
miners’ nystagmus was added to the 
schedule of industrial diseases in the 
Workmen’s Compensation Act of 1906. 
For the period before that date no ac- 
curate information in regard to the pre- 
valence of the disease is available. The 
number of cases receiving compensation 
has steadily risen since that vear, taking 
a big jump in 1913-1914, when the defi- 
nition of the disease was altered by the 





order of the Secretary of State, July 5 
1913, from the original descripti. 
‘*‘Nystagmus’’ to ‘‘ The disease known » « 
miners’ nystagmus, whether ocecurriy » 
in miners or others, and whether {| 
symptom of oscillation of the eyeballs je 
present or not.’’ Information relative 
to the incidence of cases since 1908 is e:n- 
bodied in Table 1, which has been taken 
from the Report, and in part is show 
graphically in Figure 1. 

In Other Countries.—In Germany, 
from 1908-1912, 18.2 per cent. of the 
invalidity claims on the Bochum Miners’ 
Union were for nystagmus. The num- 
ber of cases per 1,000 in the period from 
1905-1909 was 38.29; from 1910-1913, 
3.25. In 1913 owing to a decision of thie 
Superior Court, by which it was held 
that only serious cases of nystagmus 
were entitled to compensation, the num- 
ber fell to 1.81. Stassen (2), in Bel- 
gium, and Dransart (3), in France, esti- 
mate the rate of total incapacity to be 
about two cases in every thousand work- 
men. It may be taken that the total 
incapacity rate for the four countries 
United Kingdom, France, Belgium, and 
Germany—is 0.2 per cent. of the men 
employed underground. In America, 
where the disease is not certifiable, the 
incidence is very small and, with tle 
exception of a valuable summary of 
European literature by Hoffman (*), 
practically nothing. has been written ©? 
the subject. / 

The number of men who show nyst** 
mus on examination is much higher thn 
0.2 per cent. Stassen (2), who /'s 
examined 11,000 miners, gives the | 
centage rate as 24.2; other authors | } 
give similar figures. 


— 
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Economic Loss 


The amount of compensation paid 
all industrial diseases in the min 
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A lustry in Great Britain has risen from 
4 5382 in 1908 to £371,071 in 1920. 
; is inerease has been almost entirely 
i to nystagmus, and it may be as- 
3 ned that in 1920 nearly £800,000 were 


id in compensation for this disease 
ne. The loss falls on workmen, em- 
vers, and the state. The workmen, 
whom health and working ability are 





\BLE 1. 


AND COMPENSATION ACT Oot 


July, 1921, upon which the coal stop- 
page was settled, the workmen’s wages 
are regulated by the financial results 
of the working of the industry. The 
pre-war wage rates are taken as the 
standard; to these are added the costs 
of production other than wages, to- 
gether with an agreed percentage for 
profit to the owner. If the total of these 


SHOWING PERCENTAGE INCIDENCE AND NUMBER OF CASES RECEIVING 
COMPENSATION FOR THE FIRST TIME 


DURING THE YEAR, TOTAL NUMBER OF 


CASES RECEIVING COMPENSATION DURING THE YEAR, COST OF ALL INDUSTRIAL 


DISEASES, NUMBER OF MEN EMPLOYED 


UNDERGROUND, NUMBER OF CASrS DIS- 


ABLED IN THE MINING INDUSTRY, AND OUTPUT IN TONS PER UNDERGROUND 


WORKER PER YEAR 























Fresh Cases of wotal x, | Cost of All| No. of Men + Output 
. Nystagmus vm gia Industrial | Employed nel in ‘Tons 
Year —| of Cases of | : dents 
Percentage | Nystagmus ate whee Uncer- (1,000s ) yer en 
Incidence , Number sailed E° _ ground per Year 
1908 0.05 386 460 13.000 TS3.000 137 oOo 
1909 0.08 631 1.011 26,000 805.000 154 32S 
1910 0.11 956 1,618 42. 000 834.000 166 317 
1911 0.16 1.375 2.519 GS.000 S49.000 167 320 
1912 0.16 1.576 3.195 85.000 865.000 167 301 
1913 0.26 2 402 4.551 113,000 S95.000 195 321 
1914 0.32 2,774 5,992 164,000 835,000 179 318 
1915 0.24 1.780 743,000 341 
1916 O.20 1,626 not TS2,.000 not 5 4. 
1917 0.18 1,461 available T99,000 available 311 
1918 0.24 1.917 783,000 291 
1919 0.29 2.718 6,449 225,000 933,000 134 246 
1920 0.29 2 S65 7.028 343.000 QTS8.000 154 230 








*Home Office returns do not separate 


cost of nystagmus from other industrial 


diseases, Nystagmus is responsible for over 90 per cent. of this cost. 


crything, are reduced from an active 

‘ce and a position of comparative afflu- 

cuce to dependence on weekly compen- 

sition. Home comforts are lost, the 

culdren are turned out into the world 

ier than they otherwise would be, 

' the family tends to become restrict- 

The employer pays £300,000 a 

' im compensation, loses his best 

kmen, and finds his coal output re- 

d. The state loses the coal output 

,J00 men, which with the sum spent 

compensation may be estimated at 

0,000 a year (6). The indirect 

ct of the shortage of coal on other 

istries must also be taken into 
unt. 


Great Britain under the terms of 





charges is less than the proceeds real- 
ized from the sale of the coal, 83 per 
cent. of the surplus is added to the pre- 
vious wage and expressed in the form 
of a percentage upon the basis rates. 
Workmen’s compensation payments are: 
part of the cost of production, and ac- 
cordingly increased compensation means 
a reduction of any surplus available for 
wages. It is, then, in the interest of all 
parties—state, employer, and workmen 
—that the compensation costs should be 
kept low. 

Effect of Unemployment.—After the 
coal dispute in 1921 several collieries 
experienced difficulty in finding work 
for all their employees. In one col- 
liery, employing 650 men underground, 
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in which three cases had been certified 
in 1920, it was impossible to find work 
for 200 men when the pits restarted. 
Within six weeks eighteen of these 250 
men were certified as disabled by nys- 
tagmus. Altogether twenty-three cases 
were certified between July and Novem- 
ber 20, 1921, but there was not a single 
case from among the 400 men who re- 
turned to work when the pit started. 

During the year thirty cases in all 
were certified from this pit. Assuming 
that each case costs the company £200, 
a liability of £6,000 was incurred in one 
year trom nystagmus alone, a sum suf- 
ficient to pay a dividend at 6 per cent. 
on a capital of £100,000. In small ecom- 
panies a run of nystagmus cases such 
as this would cause serious financial 
embarrassment and might even lead to 
failure. 

Effect of Reduced Wages.—Figure 2 
shows the drop in the daily wage of the 
collier since March, 1921, and the month- 
lv rate of incidence of miners’ nystag- 
mus in a district employing 20,000 men 
underground. ‘The universal experience 
in the Enelish coal fields is that there 
has been a great increase in the inei- 
dence of the disease following unemploy- 
ment and reduced wages. 


INFLUENCE OF COMPENSATION 


The workmen and emplover differ 
very widely in their opinions of the in- 
capacity eaused by nystagmus. The 
employer points out that little was 
heard of the disease until compensation 
eould be obtained, and that even at the 
present time the disease is rare in Amer- 
ica where no compensation is allowed. 
The colhery manager says that the se- 
quel to giving a man notice is the pro- 
duction of a certifving surgeon’s cer- 
tificate of disability for nystagmus; that 





many men can and do work with » 
tagmus; but that the younger gene 
tion gives up work at once. 

From January 1, 1920, the maxim) 
compensation was increased from 25 
do. Shillings a week. This was follow 
by a great increase in the number 
compensation cases, and in North Stat 
fordshire the figures for the first qua: 
ter of 1921 were 40 per cent. greater 
than those for the corresponding period 
of 1920. The great increase in thie 
amount of compensation paid for al 
industrial diseases in late years (sce 
Table 1) is entirely due to miners’ nys 
tagmus. 

Compensation also enters into | 
question of surface employment. If a 
miner afflicted with nystagmus is em- 
ployed on the surtace, he is entitled 
to half the difference between his pres 
ent and his former average wage (tlic 
half difference not to exceed £1). The 
underground wage is higher than thie 
surface wage and the employer may |i 
called upon to pay as much as £1 in hall 
difference in addition to the ordinar 
surface wage. It is undoubtedly true 


] 
ate 


that many men pursue a ‘‘ea’canny ” 
policy and make no honest attempt ‘0 
do a good day’s work. They make 
many stipulations as to the kind 
work which they can perform, and a 
so irregular in their attendance that 
employer is foreed to the conclus: 
that they are not worthy of employm 
and prefers to pay full compensa’ 
rather than employ them on the sur! 
where they will corrupt the morale 
his regular workmen by the slack 1 
ner in which they perform the wor! 
Mr. Gillhespy (7), general mana 
of the Yorkshire Coalowners’ Mu’ 
Indemnity Company, in his evid 
before the Workmen’s Compensa' 
Committee in 1919, stated that an 

















‘nation by Dr. Moxon of a typical 
rkshire pit, employing 2,000 men, 
wed that from 25 to 38 per cent. 
q cording to the grade of employment) 
. all men over 21 years of age working 
lerground showed oscillation of the 
s. Every one of these men could 
ain a certifying surgeon’s certificate 
be legally disabled. In the great 
jority of cases the oscillation of the 
os produces no incapacity, and should 
in itself entitle the man to compen- 
‘ion. Mr. Gillhespy says that the re- 
_ of the scheduling of the disease has 
on to inerease the incidence from 

rty in 1907 to 515 in 1918. Thus: 


(uestion 5677: There is one cause and 

one cause only —that is the chief thing — 
account for this difference, and that is 

compensation. 

(uestion 5715: It follows from that, that 
the difference in numbers must of necessity 
mport the element of ungenuineness? ‘To 
this extent, that they were legally genuinely 
isabled, but not in facet disabled. Also, 
infess the law makes the definite assumption 
that men with nystagmus can work, and must 
vork, on the surface at the end of say six 
onths, and unless the law definitely fixes 

reduction to be enforced in the compensa- 

employers will be helpless, as a man with 

‘agmus can always allege that he is unable 

ork even on the surface, and to ask an 

over to prove a man’s fitness is simply 
ig an employer to attempt the impossible. 
the next paragraph is why I am here. 
ng at the subject from the point of view 
men themselves, up to 1907, 30 men per 

iu were disabled. Now 515 men are dis- 
The 485 additional men (515 less 30) 
‘Ives sacrifice one-half the wages they 
be earning. The men themselves in the 
‘ate are thus unquestionably much 
off than if nystagmus had never been 
to the Sehedule of the Workmen’s 
nsation Act. If the deduction is also 
‘hat the disability in each case has 
aS much as the number of claims has 
the amount lost by the men each year, 
‘eS, 18 huge. That is why I have come 
sir. I want to show you this, that 
nus Was put into the Schedule of the 


the request of the men and for the 
of the men. 
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Mr. Gillhespy’s facts are indisputa- 
ble; it is probable that 25 per cent. of 
all men over 21 working underground 
could obtain a certifying surgeon’s cer- 
tificate and be legally disabled. In the 
light of our war experience, however, 
it is necessary to take a broader view 
than the one expressed by Mr. Gillhespy. 
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Fic. 1.—Showing incidence of fresh 
miners’ nystagmus (the figures given for the war 
years are only approximate), and cost from 1908 
of all industrial diseases in the mining industry. 


cases of 


Psychoneurotic Factors—War plhysi- 
ology has shown that many men placed 
in a position of danger or in uncon- 
genial surroundings unwittingly react 
to their environment, and develop a neu- 
rosis of some form in order to escape. 
In the same manner the soldiers of in- 
dustry who are unfit for or unsuited to 
therr 
which brine them relief. 


occupation develop a neurosis 
If in addition 
to freedom from uneongenial work the 
release is associated with pecuniary 
advantages, the unconscious motive is 


be 
tempted to say that it is quadrupled. 


doubly strong—one might even 
It is quite common nowadays to hear 
eolliers referring to the pit the 


‘Shole’’—a sinister meaning, 


as 


word of 
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and a term which the writer does not 
remember hearing from a normal collier. 

As an example of the development of 
psychoneurotic symptoms, may be in- 
stanced the prevailing belief among coal 
miners that permanent loss of sight re- 
sults, if underground work is continued. 
This belief results partly from the fail- 
ure of sight, which is common in the 
acute stages of the disease, and partly 
from the bad advice given by some med- 
ical men who threaten their patients 
with loss of sight if underground work 
is persisted in. In regard to this belief 
the Report states that: 


During its investigations the Committee 
has noticed the prevailing belief among coal 
miners that miners’ nystagmus causes perma- 
nent damage to, or even total loss of sight, if 
underground work is continued after the 
onset of symptoms. This belief, which is en- 
tirely erroneous, has led to much unnecessary 
suffering and to the development of psycho- 
neurotic symptoms in many cases. The dis- 
ablement resulting leads to great loss to the 
miners, and inereases the charges on the in- 
dustry and general public. 


In the Report Dr. Rivers sums up the 
relationship between incidence of the 
disease and compensation as follows: 


The bearing of the psycho-neurotie aspect 
of miners’ nystagmus upon the problems 
eonnected with compensation is more definite. 
We are here presented with a situation closely 
comparable with that presented by pensions 
in relation to the psyecho-neuroses of war. 
There is no question whatever that the per- 
fectly legitimate and praiseworthy measure 
by which those disabled as the result of the 
war should receive monetary compensation 
has through the highly complex nature of 
psycho-neurosis led to the actual production, 
and still more largely to the prolongation, of 
disability to work. Similarly, the great in- 
erease in the prevalence of disabilities from 
miners’ nystagmus since the introduction of 
compensation shows that this measure, as 
legitimate and praiseworthy as the compensa- 
tion of sufferers from the war, has through 
the complexity of the state produced a great 
increase in the prevalence of psycho-neurotie 
affections. It is quite certain that ecompensa- 
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tion has not increased the prevalence of 
nystagmus in the strict sense. It is s Jy 
through its action upon the psychical |) 
psycho-neurotie aspects of the disorder | a; 
the increased frequency of disability 
come about. 


iad 


The leading article on the Report 
published in the Lancet (1922 1, 855) 
says: **. . . since the introduction 
of compensation the prevalence of disa- 
bilities from muners’ nystagmus has 
vastly increased; there is no question 
whatever, as Dr. Rivers insists—and jy 
this his contention will be bourne out 
by all who have to do with the problem 
of the neurasthenic war pensioncer— 
that monetary compensation has led to 
the actual production, and still more to 
the prolongation, of disability to work.”’ 
The reviewer proceeds to say that if the 
condition is largely due to a psychoneu- 
rosis ‘‘It is the man as much as thie de- 
fective illumination that has to be put 
right. Immense, indeed, is the prollem 
for industrial psychology that is brought 
before us.”’ 

American readers will reeall the psy- 
chological experiments carried out i 
the later vears of the war with the icea 
of fitting the right man into the right 
place. Although it is far from the 
writer’s intention to advise the coal 
owners to engage a body of psycuiat- 
rists, it might be possible, with a s) gh 
extension of the school medical service. 
to attempt a vocational selection 9! \0ys 
about to leave school. 


INTERCURRENT ILLNESSES 


Many men quite honestly attribu' th 
symptoms of the onset of disease tv ')> 
tagmus. These men, who may ha‘ ad 
a little inconvenience from a slig 
gree of nystagmus, persuade thems ‘° 
that their present incapacity is © 
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stagmus. Other men knowingly take 
vantage of their legal right to com- 
nsation. The following case reports 
. cited as examples. 


‘ase 1—J. B., aged 64, while proceeding 
work, collapsed and was brought home 
fering from heart failure and acute bron- 
‘is, from which he nearly died. His rela- 
ns became anxious and sent in a claim to 
company for ‘‘bronchitis brought on by 
rk in the pit.’’ This claim was ignored. 

doctor then noticed that the man had 
‘llation of the eyes, and as a result a cer- 
cate of disablement by nystagmus was 
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These cases and data afford some 
ground for the belief almost universally 
held by employers that many men have 
taken unfair advantage of the provis- 
ions of the Workmen’s Compensation 
Act, and have used the compensation 
which they can legally claim as a form of 
unemployment pay or old wage pension. 


CERTIFICATION 


The process of certification is briefly 
as follows. Under the present regula- 























































































































2.—Showing rise in incidence of miners’ 


‘ventually obtained. The appeal by the 


pany, on the ground that although the 
showed nystagmus it was not the cause 
iis Incapacity, was dismissed by the medi- 
releree who, while not disputing the em- 
crs contention, maintained that as the 
showed nystagmus the appeal must be 
issed and the man entitled to full com- 
(t10n. 
b 2—W. T., aged 70, having a well- 
ed case of paralysis agitans, produced 
‘Ufleate of disablement by nystagmus, 
lis real incapacity was due to disease. 
tb o—R. E., aged 55, had recently been 
urged from employment. While tres- 
ig on a field he fell into a ditch and hurt 
ce. The accident was in no way caused 
ystagmie vision. He first tried unsuc- 
lly to claim damages against the farmer. 
en obtained a certificate for ‘‘beat’’ 
against which the employers success- 
‘ppealed. His next move was to obtain 
‘cate of disablement from nystagmus, 
> oscillation of the eyes was present no 
/ could be made. 
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nystagmus coincident with fall in wages. 


tions of the Workmen’s Compensation 
Act, 1906, a man suffering from nystag- 
mus must produce a certificate of dis- 
ablement from the certifying surgeon of 
his district before he is legally entitled 
to compensation. The employer has the 
right of appeal against this certificate, 
within seven days of its receipt, to the 
medical referee, whose decision is final. 
If the employer does not appeal, the cer- 
tifying surgeon’s certificate is final, and 
the man is legally totally incapacitated. 
If the man says that he is unfit for any 
work, the employer has no redress be- 
yond taking the case into the County 
Court, a most unsatisfactory procedure. 

The present definition of the disease 
in the schedule to the Act is a very broad 
one, and opens the way for the inelu- 
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sion of cases which are not those oft 
miners’ nystagmus. The certifying sur- 
geon should not make the diagnosis of 
miners’ nystagmus on the history given 
by the patient unless there is confirma- 
tion by physical examination. Rotatory 
and rapid oscillation of the eyes, true 
lid spasm associated with photophobia, 
head tremor (when combined with head 
resistance and backward inclination), 
and objective giddiness, may separately 
be considered sufficient to confirm diag- 
nosis When accompanied by a_ typical 
history. 

[Irregular movements of the eves, roll- 
ing about of the eves, and blinking may 
all be purposive. Above all it is impor- 
tant to realize that a miner may develop 
a psychoneurosis quite apart from his 
underground life and, although he will 
probably refer his symptoms to his 
oculomotor apparatus, it by no means 
follows that the pit work is the cause of 
his incapacity. In all these cases the cer- 
tifving surgeon must satisty himself 
that objective signs are present, and he 
should not grant a certificate on a man’s 
history alone. If he does, he will con- 
firm the man in his neurosis and do him 
an unintentional injury. 


\LEASURES FOR THE PREVENTION AND LIM- 
ITATION OF INCAPACITY 


Preliminary Eyesight Test—In_ ad- 
dition to the various recommendations 
for the improvement of underground il- 
lumination made in the Report, some 
other suggestions for the prevention of 
the disease and the limitation of inea- 
pacity have been made. The writer (6) 
In 1920, when suggesting that a pre- 
liminary eve test should be carried out 
before engagement of the workman, pro- 
posed that a simple method would be for 
the official employing the man to make 











a rough estimate of his eyesight wii} 
the ordinary test letters, and to refise 
him employment without a medical ex. 
amination, if he has less than 6,12 
Vision. 

This method has been earried out in 
the North Staffordshire coal field since 
1913, but without any real measure of 
success. It was strongly advocated hy 
Anderson in 1920 (8). Anderson main- 
tains that only men with refractive er- 
rors develop nystagmus of sufficient se- 
verity to cause incapacity, and that every 
effort should be made to prevent them 
from obtaining employment under. 
eround. Here again the services of the 
school medical officer might be utilized, 
and a certificate of freedom from re. 
fractive error, obtained upon leaving 
school, should be in possession of voutlis 
seeking underground employment. ‘he 
etiological importance of error of re- 
fraction is under debate, but the writer’s 
opinion is that, even if it is not a factor 
in the actual production of the disease, it 
is a factor in the incapacity which re- 
sults. For this reason steps taken to 
prevent the entry into the pits of lads 
and men with refractive error. will 
eventually lessen the incidence of certi- 
fied cases of nystagmus. 

Necessity for Recertification.—! he 
writer, in 1920, also suggested that ‘le 
period of total incapacity should be | 
ited, and that the men should be required 
to produce tresh certificates yearly, 
against which the emplover should have 
the right of appeal under the macin- 
ery already existing. The Miners’ \ vs 
tagmus Committee has adopted ‘''!s 
principle of periodic right of appeal, » '¢ 
recommends that both workman and 
ployer be granted power to appeal t 
medical referee, at intervals of not S 
than six months from the date of 
original certificate of disablement or‘ 








































last appeal, in order to assess the 
acity present. In this appeal the 
oal referee should certify that the 
is either: 
Totally incapacitated. 
Partially incapacitated. 
a. Fit for surface work. 
b. Fit for suitable work below 
ground. 
Not ineapacitated. 
Limitation of Incapacity.—The second 
principle advocated—that of limiting 


TABLE 2.—RETURNS FROM MUTUAL INDEMNITY SOCIETIES FOR THE YEAR 
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ground workers over 20 years of age 
show the physical signs of the disease 
but are free from symptoms. Some men 
develop the disease within a few months, 
while others work underground for 
years without any inconvenience. ‘There 
must, then, be a personal factor which 
largely determines both the onset of the 
disease and the incapacity resulting 
from it. 

The suggestion may now be made that 
compensation should automatically drop 


1920 














Percentage Cost per Percentage of Cases 
District Incidence of Cases Settled Case in Year Le Working 
Nystagmus £ Underground | Surface 
A 2 e 0.68 0 32 10.39 68.53 
BS + ®t & 4 0.54 0 34 29.11 42.62 
oS «te *% 1.40 2 47 not available 
Sse <6 0.58 12 32 49.5 21.0 
S «= & LSS 169 112 3.0 393.0 
F . © an 1.14 5 39 28 per cent. receive no 
compensation 
G 0.80 10 30 74 per cent. at work 


United Kingdom 0.72 








the period of total ineapacity—is not 
precedent, as glass workers’ 
cataract entitles the workman to compen- 
sation for only six months. Generally 
speaking, all symptoms and signs of 
nuners’ nystagmus are lost after the 
ian has left the pit for two.years, often 
‘ong before this time. Men only slightly 
atflicted ean work on the surface without 
any delay. 


without 


Cases in which the psycho- 
weurotic element is marked run a very 
different The man may allege 
‘otal Incapacity years after he has left 
i, and long after all signs of the 

| « have disappeared. It might be 
| it that if the compensation of 
men were cut down or stopped 
dl ship would be entailed; but these 
rough the instability of their ner- 
ystems, were from the first unfit 
vork and their breakdown was 

rely due to pit work. It is a well- 


COULrSe, 


act that 25 per cent. of all under- 


to two-thirds in the second year, and to 
one-third in the third year, at the end of 
which period it should cease, subject to 
an appeal to the medical referee, the 
onus of proof to rest on the workman. 

Lump Sum Settlements.—The alterna- 
tive to the failure or rejection of the last 
two policies is that of lump sum settle- 
ment. The difficulty which the nystag- 
mie workman has in finding’ surface em- 
ployment at his own colliery has a very 
prejudicial effect on his recovery. [im- 
plovment above ground, after a_ short 
preliminary rest in severe cases, is the 
only specific cure for nystagmus. 

One of the great advantages of lump 
sum settlement is that it leaves the work- 
man free to find in the open market work 
which, although not so remunerative as 
his old employment, helps in his recov- 
Both workman and employer have 
to cut their losses and the former, if paid 
off, does not allow himself to drift into 


ery. 
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the ranks of the ‘‘echroniecs’’ and unem- 


ployables. Table 2, taken from the Re- 
port, throws some doubt, however, on 
the wisdom of general lump sum settle- 
ments. 

The high incidence of the disease, the 
low rate of return to work, and the high 
cost of the individual cases in district 
appear to be directly related to the 
policy of settlement. In this district the 
men and their leaders are keenly alive 
to the advantages of lump sum pay- 
ments. It is quite common, however, for 
the men to return to work underground 
after a lump sum settlement has been 
made. The geological conditions, meth- 
ods of work, and life history of the cases 
show little difference from similar con- 
ditions in neighboring coal fields. 

It is policy, for example, to settle as 
soon as possible a case of broken leg, if 
the injury is such that return to pit work 
is unlikely. One broken leg case does 
not lead to another; one nystagmus case 
may lead to two or three. The tempta- 
tion of a man, who knows that he has 
nystagmus, to ask for a lump sum when 
he hears that his neighbor has just been 
paid off for the same complaint, is very 
ereat,—too great, in fact, for many 
workmen in times of stress. It follows, 
then, that although in the individual case 
the poliey of settlement is sound, in the 
ageregate its wisdom is very doubtful. It 
might be poliey for the emplover to 
settle only long-standing eases, of two or 
more years’ duration, for a sum equal, 
for instance, to three years’ compensa- 
tion. The workman should remember 
that these long-standing cases are due 
to a neurosis for which the underground 
work is not primarily responsible. 


CONCLUSION 


It would be ungenerous to conclude 
this paper without paving tribute to the 





majority of the underground wor) je), 
No one who has had any experience jt} 
the disease can fail to be struck wii); {he 
dogged courage shown by the afflicted 
Many men hold on to breaking siraiy, 
and foree their wills to overcome {he 
many handicaps of the disease. 

One may picture the suffering work. 
man waiting behind at the pit bottom to 
allow the lamps of his fellow workmen to 
get out of sight, slowly developing his 
adaptation to darkness, and groping his 
way to the coal face where he is for 
time more at ease. The constant stoop. 
ing and bending soon set up oscillation 
of his eyes and the place swims lefore 
him. He cannot find any tool which he 
may happen to drop; he stumbles over 
loose lumps of coal; he knocks his head 
against the root but still struggles on 
more by the sense of touch than by the 
sense of sight. At the end of the shift he 
waits behind in order to avoid the rush 
of the younger men, and finally reaching 
the surtace has the same diffieulty in his 
adaptation to hight that he had on de 
scent. In the old days the miner afflicted 
with nystagmus was often met at tli 
pit top by his wife or child, and take! 
home. The giddiness which he develops 
keeps him at home through fear of )eims 


mistaken for a drunken man; the })l0to- 
phobia sends him to bed when tlic ‘amps 
are lighted; while headaches aid (is 


turbing dreams spoil his night’ res! 
These are the conditions under wl’ 
many men show an endurance, | 

one glorious moment, but for ths, 
and their simple statement ‘‘] 

long as I ecould’’ chronicles a str 

which any man might be proud. 
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1. The ineidence of certified 
miners’ nystagmus has oreatly ) 
since the introduction of comp: 
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unemployment and low wages have 
ilar effect. 

The incapacity caused by the dis- 
is largely due to the development of 
honeurotic symptoms. 

The economic loss caused by the 
se in Great Britain is at least 
10,000 a year. 

The following measures for the 
-ention and limitation of incapacity 
recommended : 

4, A preliminary eye test before 
ivement. 
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b. Provision of surface work. 
e. Right of periodic appeal to a 
medical reteree. 


d. The automatic and gradual limi- 
tation of the amount of compensation 
paid. 


e. A restricted policy of lump sum 
settlements. 


f. The expansion of the school 
medical services for vocational selec- 
tion of boys suitable for work under- 
eround. 
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OBSERVATIONS UPON THE EFFECTS OF EXPOSURE TO ARS») \jc 


TRICHLORIDE UPON HEALTH* 


THe LATE SHERIDAN DELEPINE, M.B., C.M., M.Sc. 


Preratory Notre 


WORKMAN employed during the 

war period in England upon the 
commercial production of arsenic tri- 
chloride died following the accidental 
spillmg of some of this fluid over his 
right leg. This fatality led to an in- 
quiry into the true cause of death, and 
to an examination of the conditions un- 
der which arsenic trichloride is manu- 
factured and of the dangers to which 
the workmen are exposed. Laboratory 
research was undertaken to investigate 
(a) the local eaustie action of arsenic 
trichloride, (b) the absorption of the 
poison through the skin, (¢c) the results 
of inhaling its vapor, and (d) the way 
in which risk to the workmen might be 
avoided. ‘The paper which follows em- 
hodies the results of these different in- 
quiries and investigations. 


INVESTIGATION INTO A Fatatity FoLitow- 
ING SPILLING OF ARSENIC 'RICHLORIDE 
UPON THE LEG 


The deceased, a man aged 47, was em- 
ploved in the manufacture of arsenic 
trichloride at a chemical works. The ap- 
pearance of the leg is indicated in Fig- 
ure 1.) Kxamination of the organs and 
products of the body gave the results 
embodied in Table 1. 

In order to stop putrefaction the 
organs, with the exception of the stom- 


*This article has been considerably condensed 
from manuscript prepared for publication, which 
was found among the papers of the author and 
was kindly placed at the disposal of THIS JOURNAL 
by his literary executor. Received for publication 
April 21, 1922. 
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ach, were immersed in a small amount 
of formaldehyde solution (carefylly 
tested and free from arsenic). No 
formaldehyde was added to the blood. 
After a few days a fairly large amount 
of arsenic was found to have been taken 
up by the formaldehyde solution, and as 
time went on the amount of arsenic 
which could be recovered from the or- 
gans was found to have materially 
diminished. The same phenomenon was 
observed in samples of urine containing 
arsenic to which formal had been added. 

The large amount of arsenic found in 
all the organs examined indicated that 
some soluble compound of arsenic had 
been freely distributed through the 
body, in all probability by the blood and 
lvmph. The considerable amount olf 
arsenic present in the liver ean be ex- 
plained by the well-known tendency 
which the poison has to be stored up in 
this organ. The large amount of arsenic 
found in the lung cannot be explained in 
the same way, and strongly suggests 
that shortly before death the patient 
had inhaled air laden with arsenic 1 
some form. How much arsenic was a) 
sorbed through the skin of the ley ca" 
not be inferred from the results of the 
postmortem examination. 

The microseopie examination 
organs showed that the heart, Li kid: 
ney, pancreas, and the gastric an (U0 
denal glands were in a state 0) 1" 
eranulo-fatty degeneration; in 


to this, the liver and kidney va 
slight chronic interstitial chang i 
parenchymatous lesions were | _ 


edly the result of acute arsenic 


lly 
vas 
ing 
ed. 
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chronic interstitial lesions may or may 
ot have been eaused by chronic poison- 
ig of the same kind. The state of the 
gs also suggested the sudden action 
of some very irritating gas. 

Owing to the fact that the patient suf- 
‘ered from suppression of urine almost 
‘rom the first hours of his illness, death 
nay be attributed to failure of the kid- 
wey, but the state of the lungs was suffi- 
“eit to cause death, and the lesions of 

cr, pancreas, and heart would also 
‘ave heen fatal more or less rapidly. 
| ‘inal cause of the death was, 


hap re 


, acute arsenicism. 


| ndings indicated that men en- 
sis the same work as that on which 
Uh ased was employed were proba- 
sed to very material danger, 
ie absence of such an accident 
vhich brought about the fatal 
“he changes and the amounts of 


Appearance of leg after arsenic 








trichloride had been spilled upon. it. 


arsenic found in the various organs in- 
dicated that in all probability the eu- 
taneous lesion was not the only channel 
through which arsenic had penetrated; 
and that the man had breathed air heavi- 
ly laden with poison. 

Under the supervision of Dr. A. E. 
McKenzie specimens of hair and also 
samples of urine were obtained from 
two men who had been engaged on the 
same work for six months. Both sam- 
ples contained a material amount of 
arsenic. In addition to this, the pres- 
ence of a large amount of purin bodies 
and of indican suggested the existence 
of degenerative changes in the tissues. 
The amount of arsenic found in the hair 
was considerable. The bulk of it was 
in the substance of the hair, for, after 
boiling it for one hour with 13 per cent. 
hydrochloric acid and extracting a first 
quantity of arsenic, a still larger quanti- 
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ty was obtained by boiling the hair again 
for two hours in 13 per cent. hydrochlor- 
ic acid. The results of the examination 
of these samples are shown in Tables 
2 and 3. 


commercial product used was prep: red 


according to this method. It is an 


ly, 


very mobile fluid, having a slight br: Wn- 


ish color (pure arsenic trichlorid 


is 


colorless), and, when exposed to ordj- 


TABLE 1.—-APPROXIMATE ESTIMATE OF THE AMOUNT OF ARSENIC PRESENT IN ORGANs 
AND PRODUCTS AVAILABLE FOR EXAMINATION 








es 
ee 


Value of Subli-- Calculated Riseeast 





‘mate Obtained |) of Arsenic Trioxide 


(iil, 


siete Actual ; Mkensie. 
Organ or Material! woe of Weight of cae | h 4 ~ : 
gt Ms | Organs | Material Examined 
Organs | of Deceased ‘Method per —__—_____— | 
| . ‘Gram of Origi- | Moderate Maximum 
| ‘nal Material | Estimate1 Estimate: 
gm gm. mg. gm, 
Liver, after immersion in 
formaldehyde for 10 days 
CED) cveccvecsvssececes 1,579 1,475 0.09 0.13275 
(f) Liver, after immersion in 
formaldehyde for 1 day 
2.8 © OPrrrererrr rer ree 1,579 1,475 (0.2) — 
Left lung (S.D.) ........ 618 830 0.02 0.0166 
CZ) Eaee TE Cee) ceca vccas 618 830 (0.10) er 
RR MED Wb0-6sa0% nuda GS2 : ~— 0.01364 
i re TT ~— 159 — (0.00318) 
277 319 
CZ) SER BE 6c oc ctesc eviews — | 160 0.02 0.00320 
|. SA aE ere 102 102 0.025 0.00255 
6. rere 200 ae 0.0025 (0.0005 ) 
ee DE “tasedeveesanseceeue 400 380 0.005 0.0019 
CE) MeeOOG OE BOGTS cc ciscvecces approximate : 0.0033 0.0132 
(f) Blood of heart, lung, and amount of 
50:6 609:540 000008004 blood about 
4,000 ? 0.0033 0.01382 
Cen GE ic vcnecssuces — a — 0.015 - - 
A SPerrerry rr ees. er — - = present —- — 
RINE nccengeccaceeseeuss -=— — = present - = 
Iirst formal extract (liver, 
500; lung, 400; pancreas, 
60; kidney, 40; reduced to 
ee GOS ‘sc cccccceuneavess — = 350 0.06 0.021 
Second formal extract of 
the same (not reduced).. — a 650 0.0016 0.00104 
0.209563 








1 All the organs had been kept for several days in 4 per cent. formaldehyde solution exc 


marked (f), which had been kept only a few hours in the solution. 


2In organs nearly fresh. 


8 According to the maximum estimates 0.22865 should be added, making a total of 0.4582)! 


Metruops or ANALYSIS 


The method devised nearly three hun- 
dred years ago by the Dutch chemist, 
Glauber, is still in use for the prepara- 
tion of arsenious chloride, or trichloride 
of arsenic (AsCl,). It consists in dis- 
tilling a mixture of arsenic trioxide with 
sulphuric acid and sodium chloride. The 





nary air, it emits fumes and eva) 


fairly rapidly. It is very poison 
has well-known’ caustic pr‘ 
(caustic oil of arsenic). Wh 
mixed with less than the qua 
water necessary to decompose 
pletely, an oxychloride of arseni 
Cl, H.O) is produced. When | 
amount of water is employed, | 




























ets are hydrochloric acid and 
.c trioxide, the greater part of the 
ln: being precipitated. 

monia gas is absorbed by arsenic 


ps 2?—APPROXIMATE AMOUNT OF AR- 
ro IN HAIR AND URINE OF TWO 
‘KMEN AT SAME PLANT AT WHICH 
KASED WAS EMPLOYED 











> S225 » i 
~ |e. | wes 
2 As—¢q en 
& BH 2S | 22s 
i= NS, LPP 
> ow 4 
< Ct - LY | ~~ - 
re 0 et & | o = 
~_ + 2 ae =. 
= a . Sec == ” 
5 = oe =Y 2™G Sons 
= as SQ a 
as s oud Bess 
= <a 7 Ov oe CD tt a 
gm. mg. gm. 
H. HH. Hair 0.297 2 64 
P W. G.2 Hair 0.235 3.78 
CC 
H. ui Urine 750 0.00196 0.001470 
PW. G. Urine 360 0.00223 0.000802 








a small amount of hair was available, because the 
men kept their hair very short. The urine is the whole amount 
r twenty-four hours. 
27H. H., aged 45; P. W. G., aged 35. Both men had been 
regularly employed at the plant for six months, 


TABLE 3.—GENERAL CHARACTERISTICS OF 
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may be expected to take place in mix- 
tures of air and arsenic trichloride va- 
pors. The phenomena observed sug- 
gest the existence of many intermedi- 
ary products which must be of consid- 
erable theoretical and practical inter- 
est to chemists. 

In all the experiments performed for 
the purpose of ascertaining the effects 
of arsenic trichloride upon the health of 
workers and other persons, crude 
arsenic trichloride from a factory was 
used. In the experiments devised for 
the study of the mode of diffusion in the 
air, in addition to the crude product, 
some pure arsenic trichloride was used 
for purposes of comparison. The close 
resemblance between the results ob- 
tained with the pure and with the com- 
mercial products showed that the effects 
observed were chiefly, if not entirely, 
due to arsenic trichloride. 


THE URINE OF TWO WORKMEN EXAMINED 








H. H. P. W..G. 

Color Dark reddish yellow; on standing be- Reddish yellow, not so dark as that of 
came dark sherry color H. H.; on standing became darker 

Sediment On standing, amorphous pale _ urates Same as in case of H. H., but on stand- 
deposited first, then uric acid and ing neither uric acid nor oxalate of 
large octahedral crystals of oxalate of lime separated. Yeasts were abundant 
lime. Yeasts were numerous 

Specific gravity - 1030 1027 

Acidity Considerable, increased on standing for Same as in case of H. H. 


several days 








Albumin No appreciable amount No appreciable amount 

(rlueoss ‘6 rT sé ‘6 és ‘6 

Bile }) yiment +s és “ce +é ss sé 

Indica Very abundant Present, but less abundant than in case 
of H. H. 

Nevoride with the production of a Hydrochloric-Copper Method.—In the 

id olid, for which various formulae early parts of this investigation the only 

Nay en given by some of the earlier method used was one described briefly 

Norsers  (H. Rose, Pasteur, and in the British Medical Journal, Jan. 12, 

Mis 


is). For the present purpose, 
-\s, 7 NH, (Rose) will be sufficient 
| (0 indicate in a broad way the 
of some of the changes which 





1901’, and more fully in evidence 
given before the Royal Commission on 


iDelépine, S.: The Detection of Arsenic in Beer 
and Brewing Material. Brit. Med. Jour., 1901, 7, 81. 
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Arsenical Poisoning. This method is 
suitable for the direct analysis of animal 
and vegetable products containing 
arsenious compounds, and it makes pos- 
sible the detection of 0.01 mg. of arsenic 
trioxide in 100 gm. of fluid (correspond- 
ing to a dilution of 1 in 10,000,000). In 
this method trichloride of arsenic is 
first produced, then arsenide of copper, 
which is then converted to arsenic tri- 
oxide and collected in the form of a 
crystalline sublimate in suitable subli- 
mation tubes. For short, this method 
is referred to as the hydrochlorie-cop- 
per method. 

When the amount of arsenie in 100 
em. of the material corresponds to more 
than 0.01 and less than 0.1 mg. of arsenie 
trioxide, it is possible to estimate with 
approximate accuracy the amount of 
arsenic present in the material, by com- 
paring the sublimates obtained with 
standard sublimates. In order to ob- 
tain more accurate estimates, it is nee- 
essary to bring the amount of arsenic 
in the amount of material tested to be- 
tween 0.02 and 0.05 mg. This can easily 
be done by coneentration or dilution of 
the original material. 

Fluids, such as urine or solutions ob- 
tained by washing air or various arti- 
eles in suitable solvents, can be dealt 
with directly. To 100 ¢.c. of these fluids, 
290 e.c. of arsenic-free hydrochloric acid 
and two equal pieces of arsenic-free cop- 
per foil having an aggregate surface of 
144 sq. mm. are added. This mixture is 
kept boiling uninterruptedly for two 
hours. The two pieces of copper are 
then thoroughly washed and dried, and 
one of the pieces is carefully heated in 
a sublimation tube of standard size. 

Solids, such as hair, liver, kidney and 
other organs, previous to being treated 
as described in the foregoing, are dis- 
integrated by being boiled for about two 
hours with as much arsenic-free hydro- 





chloric acid and water as is neces; py 
to bring the proportion of strong hy« >. 
chloric acid to one-third of the total jy. 
ture. To prevent loss of arsenic jpj. 
chloride, all these operations are e op. 
ducted in flasks provided with refly,x 
condensers. 

We were convineed that, after ex. 
posure to arsenic trichloride fumes for a 
comparatively short time, hair and other 
products became laden with a large 
amount of arsenic, and that ordinary 
volumetric methods, such as the iodine 
method, would, therefore, be sufficient 
ly delicate for practical purposes. This 
view was confirmed by the results ob- 
tained by Mr. Heap, who was entrusted 
with the volumetric estimations of the 
arsenious compounds collected in the va- 
rious fluids or on the surface of the test 
plates used in connection with experi- 
ments upon the distribution of arsenic 
trichloride in the air. This method of 
estimation was conducted by Mr. Heap 
as follows: 

Iodine V olumetric Method.—When the 
arsenious compound is in solution in 
water the titration is made by rendering 
the solution quite alkaline with sodium 
biearbonate, adding an excess of cel- 
tinormal iodine solution, and titrating 
back the excess with, standardized sodi- 
um thiosulphate. In cases where potas 
sium hydrate has been used either as 
absorbent or as solvent for the arseni- 
ous compound, the potash is neutralized 
by the addition of an excess of liydro- 
chlorie acid; then the excess of acid 


neutralized by careful addition S0- 
dium bicarbonate, and afterwa) all 


excess of sodium bicarbonate is 
This solution is titrated as statec 
From the amount of iodine requ 
oxidation, the quantity of arsen! 
ent as arsenious acid is caleulat 
It is possible by this method 
mate quantities of arsenious con 












































eeeding 0.025 mg. (0.000025 gm.). 
sults indicating quantities below 50 
ng. cannot be expected to have a high 
eree of accuracy. 

Hstimates of the amount of arsenic 

some samples of hair were made by 
oth the iodine method and the hydro- 
jlorie-copper method for purposes of 

mparison, and the results were found 
‘o be in general agreement. (The fig- 
res given in the sections relating to 
nair and urine have all been obtained by 
‘he hydrochloric-copper method; those 
relating to arsenic collected from the 
air, in fluid solvents, or on test plates 
have been generally obtained by the 
iodine method). 

Unit Used for Recording Purposes.— 
lor the purpose of making it possible 
to compare easily the proportional 
amount of arsenic in various animal or 
other products, it is convenient to take 
the milhmiligram as a unit (0.000001 
em.) and to ealeulate the amount of ar- 
senic (as arsenic trioxide) present in 
standard quantities of 100 gm. of solids 
or 100 ¢@.c. of liquids. With regard to 
gases, 1,000,000 ¢.c. might be adopted 
as a standard quantity approximating 
roughly the solid and liquid standards 
(1,112,000 ¢@e. of hydrogen weigh 100 
em. at O°C. and 760 mm. pressure. A 
cube with a 100 em. side contains 
1,000,000 @. ¢.). 

The millimilligram unit is below the 
limit capable of direct estimation. The 
smallest amount which ean be deter- 
mined by direct observation when the 
ydrochloric-copper method is used is 

mg.; the adoption of the millimilli- 

i unit is, however, convenient to 

id fractions in ecaleulated results. 

‘1odine method is less delicate and is 

n to various objections, but as an 

‘mate can be made by a single analy- 

it saves a considerable amount of 
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Amount or ARSENIC IN Harr anp URINE 
oF Persons AND ANIMALS ExXxposED TO 
ARSENIC TRICHLORIDE FUMES, AND OF 
OrHER PERSONS AND ANIMALS 


In summing up the results of this part 
of the investigation it will be convenient 
to divide them among the following 
eroups: 

A. Men engaged in the manufacture 
of arsenic trichloride. 

B. Chemists frequently sampling and 
testing arsenic trichloride. 

('. Patients treated with organic ar- 
senical preparations taken internally. 

D. Persons working in a laboratory 
where experiments involving the occa- 
sional handling of arsenic trichloride 
are conducted. 

Ki. Animals not exposed to arsenic 
trichloride fumes. 

F. Laboratory worker, experiment- 
ing with arsenic trichloride under favor- 
able conditions, before and after short 
exposures to the fumes. 

G. Animals exposed experimentally 
to arsente trichloride fumes. 

The main results are summed up in 
Table 4; other cases and fuller details 
will be found in later sections. 


K ALROTS ry Kh "pnp TANT / K ae) ‘TT yo ry 
JFFECTS OF EXPERIMENTAL H.XPOSURES TO 
Arsenic TRICHLORIDE F'uMES 


The animals used in these experiments 
were rabbits, guinea-pigs, rats,and mice. 
The experiments were attended with 
some difficulty on account of the mobil- 
ity of the fluid and of the diffusibility of 
the vapors; this was a source of trouble 
not only on account of the care which 
had to be exercised in order to limit the 
action of the poison, but also on ac- 
count of the unpleasant effects which the 
experimenter experienced at times. 
The experiments may be divided into 
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TABLE 4.—AMOUNT OF ARSENIC FOUND IN HAIR AND URINE OF PERSONS AND ANIMA! 
EXPOSED TO ARSENIC TRICHLORIDE FUMES AND 


ANIMALS 


OF SOME 


OTHER PERSONS AN 








Group 


Subject 


Date 


| 


Arsenic 
per 100 Gm. 
of Hair 
Mmg. 


| Arsenic 
per 100 C.C, 
| of Urine 
Mma. 





Amount of Arsenic in Hair and Urine of Persons 


A. Persons engaged in 
manufacture of arse- 
nie trichloride 


B. Chemists engaged in 
sampling and testing 
arsenic trichloride 


C. Patients taking arse- 
nie internally, not ex- 
posed to arsenic tri- 
chloride 


I). Persons working in 
a laboratory where 
occasional analyses of 
arsenical products are 
conducted. Seldom 
exposed to arsenic 
trichloride and then 
to a very slight ex- 
tent. <All dwellers in 
a large industrial 
town 


i, Sept. 
Oct. 
Dec. 
G. Sept. 
Oct. 
Dec. 
A, Novy. 
B. . 
Ix. Oct. 
Novy. 
d. Oct. 
Nov. 
HH. Jan. 
9523 Dee. 
9524 
Il. H. Oct. 
Ss. D. ™ 
| I. 
I’. S. 
7. oh 
4 
R. I 


264,000 


000,000 


6,000 


378,000 


600,000 


25,000 
22.500 
75,000 
80,000 


60,000 
75,000 


45 000 
280,000 
8,000 
7,000 
4,000 
5,000 
1,000 
3.000 
353,000 

2 DOO 


1.000 


in Groups A, 


>. ) 


SO 


under 10 


250 


SO 


under 10 


55? 
10 
under 10 
40 
40 
under 10 


Remarks 





B, C, and D 


After a short period of res: 
following material ex 
posure. 

After one month’s work 
under improved condi 
tions. 

After two months’ suspen 
sion of work. 

After short suspension of 
work after material ex 
posure. 

After one month’s work 
under improved condi 
tions. 

After two months’ suspen 
sion of work. 

After suspension of work 
for several weeks. 

After suspension of work 
for several weeks. 

Preventive precautions not 
long in force. 

One month later. 


‘ 


“ee sé 


Chemist engaged in work 
at B. R. plant (arsenic 

trichloride). 

Ends of long hair only ex 

amined (female). 

Ends of long hair only ex 

amined (female). 


Chemical work chiefly. 

Experimental biological 
work chiefly. 

Clerical work chiefly; end 
of long hair, covered 
other hair (F). 

General laboratory work: 

Laboratory work, includ! 
the use of arsenical so! 
tions. 

General work and = g! 
blowing. 

General laboratory wo! 








two main groups: 
periments 





(1) inunetion 
namely, those in which 


exX- 
al- 


seni¢c trichloride was applied to the skin 


(the respiratory organs being protect- 
ed); and (2) inhalation experiments. 

In all these experiments crude arsenic 
Its properties cor- 
responded in all important particulars 


trichloride was used. 





with those of pure arsenic trichlor 
prepared at the laboratory. 


Direct Application of Arsenic Tric/ 
ride to the Skin 


The object of these experiments 
to ascertain not only the nature of 












TABLE 4.—Continued 
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| | 


Group | Subject 





Date 


Arsenic 


| 

‘ 

of Hair 
Mimg. 


| Arsenic 
per 100 Gm. | per 100C.C. | 
of Urine 


Mig. 


} 
| 


| Remarks 


| 














Amount of Arsenic in Hair of Animals Kept in Town 


\nimals in animal rabbit Oct. 16 
couse. Not exposed to 
rsenie trichloride 6 guinea-pigs Dec. 21 


ount of Arsenic Found m Hair of One Person and 


Laboratory worker S. D. 
before and after ex- 

posure to arsenic tri- 

chloride 


(;. Animals exposed ex- guinea-pig 
perimentally to arse- 
nic trichloride fumes 


1.500 


4,000 


Several 


Animals 


Arsenic Trichloride Fumes 


Oct. 


Dec. 


Dee. 


Jan. 


Dec. 


Dec. 
Dec. 


Dec. 


Dee. 


Jan. 


16 


16 


02 


16 
11 


21 


11 


18 


3,000 


6,000 


19,000 


40,000 


dorsal, 35,000 


ventral, 27,500 


dorsal, 40,000 
ventral, 12,000 


dorsal, 21,000 


dorsal, 95,000 


dorsal, 70,000 


dorsal, 100,000 


dorsal, 160,000 


Coke fire beginning. Dor- 
sal hair chiefly. 

Coke fire for two months. 
Dorsal hair. 


Lerposed KRaeperimentally to 


sefore beginning experi- 
ments with arsenic tri- 
chloride. 

After carrying out occa- 
sional experiments with 
arsenie trichloride in the 
course of six weeks. 

Three hours after visiting 
an arsenic’ trichloride 
plant. 

Kight days after making 
experiments with the 
215,000 e¢.c. chamber. 


Forty-five minutes’ expos- 
ure to fumes scarcely 
visible near inlet of 
chamber. 

Companion to guinea-pig 
in above experiment. 

One hundred and fifty min- 
utes’ exposure to invisi- 
ble fumes of arsenic tri- 
chloride. 

Dorsal hair of two guinea- 
pigs clipped ten days 
after exposure. 

lorty minutes’ exposure to 
dense visible fumes of 
arsenic trichloride. 

Companion to guinea-pig 
in above experiment. 

Kighty-eight hours after 
exposure to dense arse- 
nie trichloride fumes. 

Kighteen hours after ex- 
posure to air loaded with 
arsenic trichloride. 








| 


soning, 





il lesions, but also to what extent 
orption took place through the skin, 
thus exposed the animal to general 


nmediately after arsenic trichloride 
pplied to the skin, a bulky light cloud 
es from the treated part and contin- 


ing degree for about twenty to thirty 
minutes. In order to prevent the vapors 
from reaching the respiratory passages, 


it was necessary to drive the fumes away 


from the mouth and nose by causing a 
current of air to pass over the animal 
from head to tail. For this purpose a 
'S to be visible in a gradually diminish- strong current of air was produced by an 
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electric fan, and the fumes were driven 
out of the room through an open window 
immediately behind the animal. 

xcept in one experiment, in which a 
small fraction of the fluid erept up ac- 
cidentally along the skin, only the distal 
half of the tail of each rat was treated. 
This arrangement permitted the tail to 
be thoroughly washed by dipping and 
agitating it in a large amount of water 
at definite intervals in order to remove 
that portion of the caustic which had 
not already penetrated into the tissues. 
Arsenic trichloride was applied to the 
skin by means of a 0.25 ¢.e. or of a 0.10 
The fluid appeared 
to dry rapidly, the hair and skin becom- 
ing rapidly covered by a white efflores- 
CenCe, 


c.c. glass pipette. 


After being kept under observa- 
tion for some time, the animals were 
transferred to cages in which their ex- 
eould be After the 
death of each animal a postmortem ex- 


ereta collected. 
amination was made, and various tissues 
or organs were taken for microscopic 
and chemical examination. 

Qwing to the smallness of the organs 
in the rat, it was difheult to estimate with 
much accuracy to what extent arsenic 
passed into the subeutaneous tissue and 
how it was distributed in the various 
It was, therefore, necessary to 
use a rabbit. The animal was placed 
with its tail toward an open window, and 
during the experiment air was driven 
from head to tail so as to cause the ani- 
mal to breathe only fresh air. Then 0.12 
e.c. of arsenic trichloride was applied to 
the back of the inner border of each ear, 
so as to cover only the distal two-thirds 
of the organ over a width of 1 to 2 em. 
After an interval of one minute one of 
the ears was washed with an abundant 
stream of water, after which it was dried 
with filter paper. The other ear was 
washed five minutes after treatment. 
The application of arsenic trichloride 


organs. 








was at once followed by evidence 
sharp pain which subsided almost imm 
diately, the part treated becoming rapii- 
ly insensitive, but the skin in the imme. 
diate neighborhood was painful whey 
touched. The application of water was 
apparently painful at first, but the pain 
disappeared rapidly. The roots of both 
ears remained painful to the touch until 
the animal died. 

The same efflorescence which had been 
noticed in the experiment on the rat was 
obvious. This was reduced by washing 
but reappeared when the ear again be- 
came dry. When the ears were appar- 
ently dry, the animal was removed to its 
cage, where it remained quiet and 
showed no sign of pain nor any desire to 
escape. 

The following is a summary of the re- 
sults of four experiments in which ar- 
senic trichloride was applied to the skin 
of animals. 


EXPERIMENT 1.—This consisted in the ap- 
plication of 0.25 gm. of arsenic trichloride to 
the greater part of the tail of a white rat. 
The tail dried rapidly and was afterwards 
covered with a white efflorescence. Death oc- 
eurred an hour and a quarter after the ap- 
plication of the arsenic trichloride. 

The amount of arsenic (as arsenic trioxide ) 
found by postmortem examination was 4s 
follows: 

Mmeg. per 100 Gin. 
TT BREET ROT TCO R CURT Te 3,o20" 
Hair of back and sides (It is possible 

that some fluid had spread up the 

oo a <a ree 20.000 
pee | re er 29,00! 


1OWing to an accident, this estimate is not 
liable: the actual amount of arsenic in the Ih 
was probably quite small. It seemed desire 
however, to record all the results obtained. 


JXPERIMENT 2.—In this experiment ' 


om. of arsenic trichloride was applied to 
distal half of the tail of a white rat. The f! 
however, spread along the skin toward 
root of the organ. After a minute and a ; 
the distal half of the tail was washe 
water; a minute and a half later the tail 
washed again up to about 2 em. from its ! 




























was dried with filter paper. The rat 
; killed three days and eight hours after 
application of the arsenic trichloride. 
“he amount of arsenic (as arsenic trioxide) 


nd by postmortem examination was as 
LOWS: 

Mmg. per 100 Gm. 
Pe Ce eee er eee ere Peer mre 3,900 
VOP .s eke es 6 we 66 S64 OD OE ee HOS 740 


juseles and bones of neck, thorax, and 
interior lumbar region (limbs, head, 
yosterior lumbar and sacral region 
not MES «5 ao 640s £00 4G0dns eens 468 
()XPERIMENT 3.—In this experiment 0.1 gm. 
of arsenic trichloride was applied to the dis- 
tal half of the tail of a white rat. Fumes 
were visible for thirty minutes. The hair 
rapidly became coated with a white efflores- 
cence. Death occurred three days and five 
hours after exposure. 
The amount of arsenic (as arsenic trioxide) 
found upon examination was as follows: 


Mmg. per 100 Gm. 


FO a Pr er ee ee pane 600 
Bones and muscles of sacrum and lum- 
| Oe WHEE 5's 6s pena cde hee keds 220 
Urine collected between fourth and 
RUE BD: wk. bcs cs sh eee dpa es 520 
leces passed during second and third 
days, and the contents of the colon 
PE 6 84-4 a 6 Gee ee eek 6.0002 
‘There may have been some arsenic introduced 
, by external fumes and supporting board. 
I[XPERIMENT 4.—Arsenie trichloride was 


applied to the back of the inner border of 

‘ each ear of a rabbit over the length of 6 cm. 
‘rom the top, and over a width of about 1% 
cm. (0.12 gm. was applied to each ear). One 
minute after the application, the left ear was 
thoroughly washed with 300 e.c. of water 
squirted over it, after which it was dried with 
liter paper. Five minutes after the appli- 
‘ion the right ear was washed in the same 





‘he amount of arsenic (as arsenic trioxide) 
id upon examination was as follows: 


Mme. per 100 Gm. 


TERM Eke Se OES OR RES 1,050 
. mucous membrane, hard palate, 
‘al bone, nasal part of upper 
silla (external nostrils removed) 5,500 
t ssuddueeee ree el yas ceeyes ase 16,000 
STE Te TOTO TET ETT Te 4.000 
TS cttin cca stkw wk nk ads 08 eee 1,080 
CE: Sintreatiew wesc 8 ais seen ode 10,000 


figure is doubtful. 
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Bid, 


Mmg. per 100 Gm. 
Subcutaneous tissue, root of left ear 
edematous connective tissue only.. 48,720 
Side of head, temporo-pterygoid re- 
gion, including some edematous 


muscular tissue, but no skin or bone 9,120 


Inhalation Experiments 


In these experiments two types of 
experimental chambers were used, one 
of which was of large size and permit- 
ted the study of the effects of vapors of 
arsenic trichloride when they were in 
the presence of an excess of air. To 
study the effects of short exposures to 
air uniformly charged with arsenic 
trichloride vapors, much smaller cham- 
bers were used which made it possible 
to replace the normal air rapidly by a 
current of air containing a known quan- 
tity of arsenic trichloride. 

Inhalation of Fumes of Arsene 
Trichloride in Presence of an Eacess 
of Air.—The experimental chamber 
used in these experiments had a ¢a- 
pacity of about 215,000 ¢.c. (allowing 
for the space occupied by animals, 
eages, ete.). This chamber could ac- 
commodate several small animals at the 
same time (allowing 60 liters of air per 
pound per hour for the respiratory 
needs of small animals there was more 
than enough air in the chamber for four 
eulnea-pigs of moderate size, even when 
the air was not renewed for one to two 
hours). 

This chamber was for 
studying the distribution of arsenic 
trichloride fumes by various methods, 
including the test plate method, which 
is described in later sections of this re- 
port. (The same apparatus was used 
in experiments on the effects of sewer 
air upon health. See Report to the Sew- 
er Ventilation Committee of the Man- 
chester Corporation, 1909.) The cham- 
ber measured 102 cm. in length, 46 cm. 


also used 
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in height, and 46 em. in width. It was 
closed above by means of a thick glass 
plate, the joint between the glass plate 
and the flange surrounding the opening 
of the chamber being made air-tight by 
means of a bed of vaseline clay. In 
later experiments adhesive plaster was 
found more convenient. At each end of 
the tank there was a tubular opening 
through which tubes of various sizes up 
to 1 inch in diameter could be fixed. 
These tubes served as inlet and outlet 
tubes, respectively, and by means of 
suitable elbows the levels and position 
of the inlet and outlet tubes could be 
adjusted. 

In the first two experiments the ani- 
mal cages were supported by a perfor- 
ated floor at a height of 6 em. above the 
opening admitting the gas. In the subse- 
quent experiments the perforated floor 
was removed, and the cages were laid 
on the floor, two cages near the inlet and 
two cages near the outlet. These cages 
were made of wire net and allowed free 
circulation of gases during the experi- 
ments. 

‘l'o introduce arsenic trichloride fumes 
into this chamber, air was sometimes 
eaused to bubble through a very thin 
layer of arsenic trichloride placed in a 
suitable, comparatively large gas wash- 
ine bottle. At other times the air was 
made to pass over the surface of the 
arsenic trichloride contained in a small 
light econieal flask. The distance be- 
tween the ends of the inlet and outlet 
tubes in the small flask was about 2 em. 
The surface of arsenic trichloride ex- 
posed at the bottom of the flask did not 
exceed 7 em. square. This arrangement 
was particularly useful because the flask 
was light, and could be closed and 
weighed accurately immediately before 
and after each experiment. It was 
thus possible to estimate to 1 eg. the 
amount of arsenic trichloride which had 





been vaporized and had mixed with je 
measured amount of air that had passoq 
over it. 

In several experiments made respec- 
tively with air dried over sulphuric acid 
or with air almost saturated with water, 
it was found that at a temperature of 
15° to 17°C., when the flask contained 
2.34 gm. of arsenic trichloride, about 
0.09 to 0.13 gm. of the arsenic trichloride 
was abstracted in five minutes by the 
passage of 3,300 ¢.c. of air over the sur- 
face of the fluid. (When the air was 
eaused to flow over the fluid by redue- 
tion of pressure in the large chamber, 
creat irregularities were observed, 
probably owing to the difficulty of 
avoiding leakages. The most concord- 
ant results were obtained by blowing air 
under slight pressure over the surface 
of the liquid arsenic trichloride.) 

When moist air is passed continuous- 
ly over arsenic trichloride, a thin layer 
of watery-looking fluid containing’ hy- 
drochlorie acid forms over the surface 
of the brownish fluid which becomes dis- 
tinetly turbid. The rate of vaporization 
is then diminished. ‘The same change 
occurs when arsenic trichloride remains 
exposed to damp air for some time. 
When the object of the experiments was 
to estimate the effects of air containing 
definite proportions of arsenic tri- 
chloride, it was necessary to use fresh 
fluid for each experiment, and to recuce 
the duration of the exposure to a 'vW 
minutes. The details of the experimeits 
performed in the large (215,000 
chamber follow. 


EXPERIMENT 5.— <A stream of dan 
charged with arsenie trichloride was | 
ted to the large chamber by an inlet ni: 
bottom of the chamber, which was ¢ 
with a thin layer of water. A gut 
was placed 6 em. above the level of th 
and 30 em. from it. Fifty-four th 
centimeters of air passed over 1 ©.¢. 
senie trichloride in fifty-five minutes. 


IQ 


































ly clouds of fumes rose to the upper part 

the chamber in the neighborhood of the 

et, The air of this chamber was not gen- 

ally eloudy. Death occurred four hours 

d twenty-five minutes after exposure. 

The amount of arsenic (as arsenic trioxide) 
nd in the hair of the guinea-pig was as 

) ‘lows: 


. Mme. per 100 Gm. 
. 0000 ee 39,000 
| : ait, WORE Axe ¥ pends 27,500 


‘_ 


The total amount of arsenic recovered at 
he end of the experiment was :* 





Y 
: Mmg. 
‘‘ontents of wash bottle at outlet. .about 640 
3 Calculated average contents of 215 
. Mme. 
, liter chamber at end of experi- 
; | Pe ee Pe re a eee re about 2,750 
[ (Most of the arsenic trichloride must have 
5 lecomposed in the chamber and yielded de- 
, posits in the third of the chamber near the 
inlet. ) 
e 
These estimates are of doubtful value. 
3- | EXPERIMENT 6.— A _ guinea-pig was ex- 
T posed at the same time as the guinea-pig in 
7 ixperiment 5 but not quite so near the inlet 
. and not so clearly on the path taken by the 
we fumes (for details see Experiment 5). 
S- Death oeeurred ten days after exposure. 
n The amount of arsenic (as arsenic triox- 
7 ile) found in the hair of the guinea-pig 
7 was as follows: 
aS Mmg. per 100 Gm. 
2. (lair, dorsal, twenty-four 
ae ours after exposure.... 40,000 
ae Hair, dorsal, eight days 
5 after exposure........... 12,000 
rl- 
sh The total amount of arsenic recovered at 
- ie end of the experiment was :* 
W Mmg. 
. ontents of wash bottle at outlet...... 640? 
‘ulated contents of 215 liters of 
' at end of experiment (see Ex- 
POE CE oe le he x Was oe he 2,190" 
remarks under Experiment 5. 
bably underestimated, only one absorption 
eing used. 
PERIMENT 7.— A stream of air charged 
Y arsenic trichloride was admitted to the 
1) ¢.c. chamber as in Experiments 5 
5, but in this ease the bottom of the 
er was dry. <A guinea-pig was placed 
above and 30 em. from the inlet. 
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ool 


Thirty thousand cubic centimeters of air 
were allowed to pass over 1 ¢.c. of arsenic 
trichloride in 120 minutes (somewhat inter- 
mittently). Small clouds issued at intervals 
from the inlet. The animal was left eighty 
minutes longer in the chamber. The clouds 
rose at once to the top of the chamber, roll- 
ing slowly toward the outlet but dispersing 
before they reached the middle of the dis- 
tance between the inlet and the outlet. At no 
time was the chamber entirely filled with 
fumes. 

The guinea-pig was killed forty-six days 
after exposure. By analysis the following 
amounts of arsenic (as arsenic trioxide) were 
found : 


Mmg. per 100 Gm. 
OE ia 0a hk et ee doubtful trace 
Hair (A) equally mixed 
dorsal hair of guinea- 


pigs of Experiments 7 
and 8, clipped ten days 


after exposure.......... 21,000 
Hair (B) of same guinea- 

pigs clipped forty-five 

days after exposure.... 4,000 


The total amount of arsenic recovered was 
as follows: 


Mmg. 

White deposit formed on plate in 

chamber on a surface 78.5 em. 

MOOD «5 ks venepnavuseenecees over 80,000 
Calculated deposit on total area 

of floor of chamber and animals 

(area of floor 4,692 sq. em.).. 597,000 
Contents of two absorption tubes 

and water at outlet of chamber 891 
Caleulated contents of air in 

chamber at end of experiment 6,237 


‘See remarks under Experiment 5. 


EXPERIMENT 8.—The guinea-pig used in 
this experiment was exposed along with the 
guinea-pig in Experiment 7. The details of 
the experiments are the same. The animal 
died ninety-seven days after exposure. No 
analyses were made. 


EXPERIMENT 9.—A stream of air was 
charged with arsenic trichloride by being 
blown through a thin layer of the fluid be- 
fore being admitted to the 215,000 ¢.c. cham- 
ber through an inlet at the upper part of the 
chamber. <A guinea-pig was placed 30 em. 
below the inlet and at a distance of about 70 
em. from it. Thirty liters of air passed over 
the arsenic trichloride in forty minutes. The 
guinea-pig was left in the chamber eighty 
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minutes after the end of the passage of air 
laden with the fumes. The inlet half of the 
chamber rapidly filled with dense fumes, 
which completely hid the bottom of the 
chamber. The guinea-pig died in less than 
eighteen hours after exposure. 

By analysis the following amounts of 
arsenic (as arsenic trioxide) were found: 


Mme. per 100 Gm. 
Stomach and intestine.... 227 
a | rid 95,000 
Muscles of bonesand trunk, 
after removal of head 
and all viscera........ 45 


The total amount of arsenic recovered 
Was?’ 
Mmg. 
Contents of two absorption tubes of 
water and of potassium hydroxide 
at outlet of chamber.............. 3,014 
Calculated arsenic content of air in 
chamber at end of experiment..... 24,598 


‘See note under Experiment 5. 


EXPERIMENT 10.—This was a duplicate of 
Experiment 9. The only difference was in 
the weight of the animals. The guinea-pig 
died in less than eighteen hours. 

The following amounts of arsenic (as 
arsenic trioxide) were found: 


Mmg. per 100 Gm. 
Liver and one kidney...... 1,494 
wae, GUM. ok so nts eee 70,000 


Kor the ecaleulated arsenie content of the 
air in the chamber, see Experiment 9. 


KXPERIMENT 11.— (See also Experiments 
12, 13, and 14.) <A stream of air was passed 
over arsenic trichloride and was then freed 
from suspended particles and excessive mois- 
ture by passage through 15 per eent. sulphur- 
i¢ acid before admission to the 215,000 e.e. 
chamber, by the upper inlet. Ten liters of 
air laden with arsenic trichloride passed 
through the chamber in thirty minutes. 
(During the first ten minutes about 3 liters 
of air were lost.) About 0.252 gem. of the 
arsenic trichloride evaporated. A rat was 
placed on the floor of the cage 37 em. below 
the level of the inlet and 20 em. on one side 
of it. In this part of the chamber fumes 
were not visible. They were most marked in 
the middle third of the chamber. In the 
outlet third they were visible but not so thick 
as in the middle. The rat lived for ten days 
and was then used for Experiment 15. 





From the second to the fifth day of the. . 
periment 38 c¢.c. of urine were collected, ay 
of this amount 19 ¢.c. were used for chemi: ») 
analysis. Only a doubtful trace of arsenic 
was found. 


EXPERIMENT 12.— The arrangement wags 
the same as that in Experiment 11, except 
that the rat was placed at a distance of 20 
em. on one side of the outlet and 37 em. be- 
low its level. (The distribution of fumes 
was the same as in Experiment 11.) The 
‘at died within four days after exposure. 

The following amounts of arsenic (as 
arsenic trioxide) were found by analysis: 


Mmeg. per 100 Gm. 


BOE . ii oi 56 eee nee less than 82 
Urine (19 @.e. passed in 
three days before death) 105 


Hair, dorsal, clipped post- 
mortem four days after 
TE ak voce eek ae 72,000 


EXPERIMENT 13.— The arrangement was. 
the same as that in Experiment 11. ‘The 
guinea-pig was placed at the same distance 
from the inlet as the animal in Experiment 
11, but on the opposite side (see remarks 
under Experiment 11 about the distribution 
of fumes). This experiment was_ partly 
spoiled because the guinea-pig escaped and 
went to the outlet part of the chamber dur- 
ing the exposure. Death resulted in less 
than eighty-eight hours after exposure. 

The following amounts of arsenic (as 
arsenic trioxide) were found: 


Mmg. per 100 Gm. 

Nasal soft tissue and bones, 

including palate (olfae- 

tory lobes exeluded).... 3,600 
Brain and cerebellum...... 4,800 
OS eer Pree er ere 1,440 
Liver, average of two esti- 

eS | 1,405 
Kidneys and adrenals..... 6,540 
fl a | ne 100,000 


EXPERIMENT 14.— The arrangement \'% 
the same as that in Experiment 11. The 
mal was placed at the same distance m 
the outlet as in Experiment 12, but « le 
opposite side of it. (The distributi 
fumes was the same as in Experimen ) 
Death occurred in less than eighteen 
after exposure. 

By analysis the following amou! 
arsenic (as arsenic trioxide) were fo! 
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Mme. per 100 Gm. 
and soft part with 
per maxillary and pal- 
bones (skin and 
perficial muscles and 


be 


earperee tS 


% ‘in exeluded)........ 6,720 
a 5 inne ee Reais 805 
or (eee meas 2,000 

| a ; 160,000 


PERIMENT 15.— (See also Experiment 
Arsenic trichloride fumes were allowed 
‘fuse in the still air of the 215,000 c.e. 
ober. Arsenic trichloride (0.25 e.e.) in 
wallow eapsule was placed at a height of 
‘m. above the floor of the chamber. A 
rat was placed in a wire cage about 20 em. 
y the capsule, and almost immediately 
noer it. The chamber was closed hermeti- 
cally (after the rat of Experiment 16 had 
also been placed in it). <A test plate placed 
») em. above the arsenic trichloride was 
covered with a thick white deposit at the end 
of the experiment. <A test plate 20 cm. be- 
low the capsule was covered with a thinner 
deposit (see also Experiment 16). The dur- 
ation of exposure was six hours and forty- 
‘ive minutes. Death resulted in less than 
forty-five hours after exposure. 
The amount of arsenic (as arsenic triox- 
ide) found in the liver and hair of the rat 
was as follows: 


Mmg. per 100 Gm. 


LAVOE 6 cus'ae owen ee eis 832 
Ma? GO Jivch cies alecs 20,000 
the following amounts of arsenic were re- 
covered from the deposits on the test plates: 
| Mmg. 
Plate 20 em. above a 6,400 
Plate 20 em. below eapsule.......... 3,200 
|) ~ - 
, oy) em. above capsule.......... 2,400 
| X09 em. below capsule.......... 2,400 
RIMENT 16.— The arrangement was 


ue as that in Experiment 15, but the 
placed at a distance of 50 em. later- 
om the arsenie trichloride capsule. 
ates were placed at the level of the 
and at a height of about 40 em. above 
positions corresponding to those 

plates placed immediately above 
ow the capsule. The amount of de- 
n these distant plates was much 
‘han on the other plates (see Experi- 


al Was quite well after ten days, and 
killed. 
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Inhalation of Air Umformly Charged 
with Definite Amount of Arsenc Tri- 
chloride and not Allowed to Mix after- 
wards withOrdinary Air.—A small glass 
chamber (of 140 ¢.c. capacity), in which 
a mouse could easily be accommodated, 
was used for this series of experiments, 
the object of which was to determine the 
pathogenic effects of air containing a 
definite amount of arsenic trichloride. 
Two smaller chambers (of 55 ¢.c. ea- 
pacity) were also used simultaneously, 
for the purpose of comparing the effects 
upon two mice of the same mixture of 
air and arsenic trichloride, one-half of 
which had been caused to pass through 
a wet sponge (Fig. 2). 

The 140 ¢.c. chamber was originally 
designed for experiments upon the ex- 
haust gases from internal combustion 
engines. ‘The mouth of the chamber, 
through which the animal was _ intro- 
duced, was closed by a large glass stop- 
per. An outlet tube, provided with a 
glass stopcock, was connected with the 
chamber close to its mouth, and at the 
opposite end of the chamber there was 
an inlet tube also provided with a stop- 
cock. When ordinary air was made to 
pass freely through this chamber by 
connecting its outlet with an aspirator 
or its inlet with a blower, a mouse could 
live in it comfortably for many hours 
and without showing any sign of discom- 
fort. 

Owing to the small size of the cham- 
ber and to the position of the head of 
the mouse, which was quite close to the 
inlet opening, it was easy to submit the 
animal to exactly timed exposures to 
vaseous mixtures of definite composi- 
tion, and to watch closely the effects. 

In all the experiments two 10-liter 
aspirators were used either to force air 
into, or to abstract air from, the experi- 
mental chamber. The lower openings 
of these bottles were connected by a long 
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india-rubber tube, and the upper parts 
of the bottles were connected with an- 
other tube of the same leneth as the 
first. This second tube had in its 
length a T-tube, each branch of which 
was provided with a glass stopeock. The 
upper opening of each bottle was also 
provided with a second tube with a stop- 
cock. This formed a closed system in 
which the same amount of water could 
be used over and over again either to 
aspirate or to blow air through the ex- 
perimental chamber and to collect in one 
bottle exactly the amount of air driven 
out of the other bottle. The object of 
this was to prevent an escape of poison- 
ous fumes into the room. The cloudy 
fumes collected over water in one of 
the bottles gradually disappeared, and 
the gas could then be expelled without 
serious inconvenience. 

The smaller twin chambers, used for 
comparing the effects of the same mix- 
ture of vas both filtered through a wet 
sponge and unfiltered, were used in the 
same way. In order to regulate the flow 
of gas, however, so as to insure that the 
same amount passed through the two 
chambers, a bubbling flask was connect- 
ed with the outlet of each experimental 
chamber and the amount of gas admit- 
ted to each chamber regulated by taps 
until the amount issuing from one of the 
chambers was equal to that escaping 
from the other. 

Previous to admission to the experi- 
mental chamber, the air was charged 
with arsenic trichloride by being made 
to pass over the surface of arsenic tri- 
chloride in the small flask previously 
deseribed. The weight of this flask and 
its contents was taken immediately be- 
fore and after each exposure, so that 
the amount of arsenic trichloride taken 
up by a measured quantity of air could 
be accurately ascertained. The air was 
sometimes dried by being caused to bub- 





ble through strong sulphuric acid, yyq 
was sometimes saturated with mois \y¢ 
by being made to bubble through w, jer 
This was done either before or «ey 
the air had been charged with arsenic 
trichloride. The details of the ex)eyi. 


ments made in these small chambers (of 
140 c.c. and 55 ¢.c. capacity) follow. 


EXPERIMENT 17.—Dry air was passed over 
arsenic trichloride and afterwards throuoh 
sulphuric acid. The mixture as admitted jy 
the experimental chamber was quite dry. 
Three thousand and three hundred cubic 
centimeters of air containing 0.11 em. of 
arsenic trichloride passed through the cham. 
ber in five minutes. This dry mixture re. 
mained clear until it reached the inlet of the 
chamber, and then it became cloudy in the 
neighborhood of the head of the mouse 
Forty-four minutes after exposure the mouse 
died. 


EXPERIMENT 18.—Moist air was passed over 
arsenic trichloride and afterwards through 
a thin layer of water. Three thousand and 
three hundred cubie centimeters of moist air 
containing 0.13 gm. of arsenic trichloride 
passed through the chamber in five minutes 
(after being washed through a small amount 
of water). This damp mixture was quite 
cloudy after passing through the water, and 
the chamber was immediately filled with this 
cloudy mixture. The mouse used was quite 
well after twenty-one days. 


KxPERIMENT 19.—In this experiment 3,0!" 
e.c. of moist air, which had been passed over 
arsenic trichloride and which contained 0.09 
em. of arsenic trichloride, was admitted d- 
rect to the chamber. The air was um rmly 
cloudy after its passage through the arsenlt 
trichloride, and the chamber was immediate 


ly filled with this cloudy mixture. The mouse 
used in this experiment died fifty-two mil 
utes after exposure. 
) y ; ] ce(] 
EXPERIMENT 20.—Two mice were exposes 
simultaneously for five minutes to the salt 


quantity (3,400 ¢@¢.) of air charge. wi 
0.128 om. of arsenic trichloride. In on | 
from a flask of arsenie trichloride wa 

through an intermediate chamber con mils 
only a baffle to prevent suspended I 
from being carried over to the 50 ¢.c. 20% 
chamber. The mouse died in fifteen | 


EXPERIMENT 21.—In the other the 
the flask of arsenie trichloride wa 
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2—Twin glass chambers for comparative 


‘iments on mice. (Secale 1 to 9.) 


| SQO,—bubbling flask (containing strong. sul- 


acid when dry air is desired, water when 


iturated with moisture is desired, or noth- 


AsCl,=small flask containing arsenic tri- 
1 and 1’=stopeocks on inlet tubes. 2 and 


iiermediary chambers (2’ contains sponge C). 


3s’=mouse chambers. 4 and 4’=bubbling 


used to estimate the rate of air current. 


s regulated by stopcocks 1 and 1’. A=part 
mediary chambers 2 and 2’ near baffle on 
tube. B38—mouse exposed to untreated 
3’=mouse exposed to air filtered through 
ponge C, C=moist sponge. D—aspirating 
i: =blowing flask. 


‘) an intermediate chamber containing 
‘e and, in addition, a wet sponge 
Which the gaseous mixture had to 
‘ore being admitted to the 55 e.e. 
‘hamber. With the exception of the 
this half of the apparatus was identi- 
that used for Experiment 20. The 
vas quite well at the end of twelve 


opical Lesions Observed after 
‘ation of Arsenic Trichloride 


the object of ascertaining the ef- 
produced by arsenic trichloride 
ipon the large air passages, sec- 
1rough the anterior parts of the 
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nasal passages, the supraglottie and in- 
fraglottic parts of the larynx, and the 
lower part of the trachea were made in 
several of the cases. The histological 
changes in the lungs, liver, and kidney 
were also studied in nearly every case. 
The necessity of keeping material for 
chemical examination, and the smallness 
of the parts did not permit of an histo- 
logical examination in every case. 

Owing to an unfortunate mistake made 
in the preparation of the hardening me- 
dium, the reactions and appearances of 
most of the tissues were sufficiently al- 
tered to cast doubt upon the exact mean- 
ing of several of the finer cellular 
changes observed. [or this reason the 
cellular changes are not dwelt upon in 
this summary. 

Air Passages, Anterior Parts of Mid- 
dle Meatus and Inferior Meatus of Nose. 
—A successful section made through the 
air passages of the rat used in Eixperi- 
ment 12 showed very little alteration in 
the mucous membrane, but the passages 
were obstructed by mucus containing 
many desquamated epithelial cells and a 
few red blood corpuscles. This animal 
had lived four days. 

Laryna.—In eases in which death had 
supervened rapidly, no marked edema 
or desquamation of the epithelium was 
observed, nor was the mucous membrane 
covered by coagulable exudation in 
either the supraglottic, infraglottic, or 
elottic region. In animals that had lived 
more than twelve hours there was evi- 
dence of eatarrhal laryngitis and trache- 
itis, but the lesions were not extensive. 

The surface of the mucous membrane 
was free from exudation capable of 
causing obstruction. In one animal 
which had lived ten days, the mucous 
membrane of the trachea was covered 
at places with a fairly thick smooth layer 
of mucus containing many small round 
cells and nuclei apparently derived from 
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epithelial cells broken up in consequence 
of mucous degeneration. This exuda- 
tion was most abundant over the open- 
ings of the tracheal mucous glands, and 
was firmly attached to the ciliated sur- 
face of the epithelial cells. The lungs of 
this animal were congested but free from 
hemorrhage, collapse, or pneumonic 
changes. 

Lungs. — Considerable dilatation of 
the branches of the pulmonary artery 
and of the alveolar capillaries was a fea- 
ture common to all cases. In animals 
which had died a few hours after ex- 
posure, there were patches of hem- 
orrhagie infiltration in various parts of 
the lungs, and dilatation of the alveoli 
in intervening parts. Most of the small 
and terminal bronehi were contracted, 
but the bronchial epithelium appeared 
generally to be intact. In one guinea- 
pig which had lived eighty-eight hours 
after exposure (Experiment 13), clear 
evidence of catarrhal bronchitis was 
found. Ina rat (Experiment 12) which 
had lived nearly four days, the lungs 
were distinctly edematous, many of the 
alveoli being filled with a clear exudate 
free from cells or fibrin. 

Mor reasons already stated no confi- 
dence is placed upon the minute cellular 
changes which may be present in the 
liver or kidney. It appeared, however, 
that in animals dying early the liver cells 
showed a marked tendeney to excessive 
vacuolation, while in the animals that 
had survived a few days the cells ap- 
peared to be smaller than normal. No 
trace of fatty degeneration of the liver 
was discovered in any of the eases. Con- 
siderable congestion of the liver and kid- 
hevs was a common teature. The rod- 
like strueture of the basal part of the 
epithelium lining the convoluted renal 
tubules was generally more distinct than 
normal. There was no evidence of fatty 


degeneration of the kidneys. 





General Summary of Experimey 
Results 


Death is frequently brought a oy} 
either by the inhalation of air cha;ved 
with arsenic trichloride fumes or by the 
direct application of undiluted arsenic 
trichloride to the skin. In both cages 
there is clear evidence that arsenic js 
absorbed by the tissues and that it he. 
comes widely distributed in a very short 
time. 

When arsenic trichloride is applied to 
the skin it produces necrosis very rap- 
idly. Free washing with water of the 
part affected within one minute retards 
the action of the escharotiec, and a cer- 
tain amount of inflammatory reaction is 
observable in the parts adjacent to the 
affected region. Even after such wash- 
ing, however, the whole of the part to 
which arsenic trichloride has been ap- 
plied undergoes complete necrosis. 
Washing five minutes after application 
has no appreciable effect. A consider- 
able amount of arsenic is rapidly ab- 
sorbed by the tissues and after a few 
hours arsenic can be recovered from 
most of the tissues or organs of the 
body. There is noticeable a tendency to 
accumulation in such organs as. thie 
brain, liver, and kidneys. 

The application of arsenic trichloride 
to the skin is obviously acutely painful, 
but the part affected becomes rapidly 
insensitive. It is doubtful, there!ore, 
whether pain is a determining factor ™ 
the lethal action of arsenic trich! orice 
applied to the skin. The fatal effe ' ap 
pears to be due to acute arsenicis 

When air charged with arse! 
chloride is breathed by mice 1! 
minutes, death follows in a few |! 
when the air, whether dry or mo! 
tains 1 part of arsenic trichlo 
40,000 parts of air. When a st! < 
air charged with arsenic trichl 
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‘ted to a chamber containing an 
oy «s of ordinary air, animals kept in 


‘j> chamber are affected variously. 
s, > die after a few hours; others sur- 
-iv for several days and appear to re- 
soy entirely. In one experiment, of 


ayo guinea-pigs which were at a very 
shor distanee (a few inches) from each 
oth. one died in less than five hours, 
and ‘he other lived ten days (Experi- 
men's 0 and 6). In another experiment 
conducted under the same conditions, 
except that the flow of charged air was 
less rapid and the exposure twice as 
lone, both guinea-pigs made a complete 
recovery (Experiments 7 and 8). 

These differences were caused by the 
uiequal distribution of the mixture, 
which was due not only to the formation 
of an air stream between the inlet and 
outlet of the chamber, but to the reac- 
tious Which took place between the arse- 
nic trichloride, water, and the oxygen of 
As will be shown in a later sec- 
tion of this paper, various motions are 
caused by these changes. After a few 
Observations it was found that on both 
sides of the inlet of the chamber there 
Was an area to which the arsenic tri- 
chloride fumes found slow access. The 
‘umes were most abundant in the upper 
part of the chamber at a distance of 30 
‘0 0 cm. from the inlet and were fairly, 
though less, abundant in the outlet half 
o' the chamber ineluding parts at the 
‘ides of the outlet corresponding to 
the sides of the inlet where 
were seanty. This observation 
Yas confirmed by an experiment in which 
‘tal oxposed at one side of the inlet 

»riment 11) was not much incon- 
d and was well ten days after 
, While another rat (Experiment 
sed at the same time at one side 
utlet was almost immediately 
affected, and died in less than 
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All the animals that died from the 
effects of the inhalation of arsenie tri- 
ehloride showed marked symptoms of 
respiratory affection. In the animals 
in which death supervened rapidly the 
symptoms pointed distinctly to laryn- 
geal obstruction, and death was clearly 
due to asphyxia. Postmortem examina- 
tion did not reveal any organic cause of 
obstruction, such as plugs of mucus, 
false membrane, or edema gilottidis. 

The absence of organic obstruction, 
the extreme rapidity with which death 
followed after inhalation, and the sud- 
denness of the onset of asphyxial symp- 
toms point to the conclusion that laryn- 
geal obstruction was due to spasm of 
the laryngeal muscles. The tendency to 
this spasmodic closure of the glottis 
continued after the animals had partly 
recovered, and a fatal ending was pro- 
duced in a mouse (Experiment 19) as a 
consequence of its being slightly dis- 
turbed: it was breathing with some dif- 
ficulty but was in no immediate danger ; 
on being slightly disturbed, however, it 
made violent efforts to breathe, passed 
into convulsions, and died within two 
minutes. A guinea-pig (Experiment 12) 
which appeared to be recovering was 
liable to violent attacks of dyspnea, fol- 
lowed by convulsions, whenever it at- 
tempted to eat solid food or to drink. 

Bubbling through a thin layer of wa- 
ter or filtration through a wet sponge 
deprives the air of the irritating prop- 
erties giving rise to these laryngeal 
symptoms. The filtered air still contains 
arsenic though in smaller proportion 
than the unfiltered air. 
less chlorine, however, so that the irri- 


It contains much 


tation of the mucous membrane is prob- 
ably in great part due to hydrochloric 
acid or some other chlorine compound. 
(The water squeezed out of the wet 
sponge is strongly acid.) 

The hair of all the animals exposed to 
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arsenic trichloride fumes became rapidly 
laden with a considerable amount of 
arsenic. This was observed in animals 
that recovered as well as in those that 
succumbed to the effects of exposure. 
The poison was not only deposited on 
the surface but penetrated into the sub- 
stance of the hair. This was clearly 
demonstrated by examination of the so- 
lution used for washing the hair, and of 
the products of disintegration of the 
hair when it was boiled in 30 per cent. 


hydrochloric acid. This impregnat 
of the hair does not appear to } 


any quantitative relation to the syin, 


toms of poisoning, and the reason 


examining the hair of persons and ; 
mals exposed to arsenic trichlori 


fumes was to ascertain the extent of 


exposure. During life an examinati 


of the urine and feces is necessar 
determine whether such an exposure 
led to absorption. 


(T'o be continued) 














REPORT OF THE ASSOCIATION OF CERTIFYING 





FACTORY 


SURGEONS, INC. (GREAT BRITAIN), FOR THE YEAR 1921 


ry \1E last Report emphasized the wisdom 
i, of every certifying surgeon who hoids 
pointment which he regards of some 
making a point of becoming a Fellow 
mber. Owing to the excellent financial 

in of the Association it has not, up to 
esent, been found necessary to advance 
‘bseriptions, and with anything like a 
sponse to the appeal, this contingency 

ot arise. When non-members receive 

me benefits of united action as mem- 

is surely not going too far to suggest 
former the reasonableness of giving 
support and sharing the small expense. 


\RTMENTAL COMMITTEE ON BLINDNESS 


[lon. Seeretary was invited by the 

bi Medical Association to give evidence 

ialf of that body on the industrial as- 

defective vision, and did so on 22nd 

The evidence itself cannot be dealt 

ntil after publication of the report, but 

nay interest members to know the headlines, 

the first portion had concern with the large 

of young persons with uncorrected 

{ refraction who seek employment in 

es, and with the particular discrimina- 

xercised by certifying surgeons when 

(| to give certificates in such occupa- 

us as the machining of wearing apparel, 

spinning, weaving, doubling, winding 

ail cling, working in iron, steel and other 

‘|, sawing timber, wood working, machine 

SONaking, flint glass and pottery processes, 

| which require a considerable amount 

vy of vision on the part of the operator. 
\LTERATION IN ANNUAL REPORT 

ustruction of the Council a letter was 

ed to the Chief Inspector of Factories 

March, drawing attention to the cir- 

ice that no particulars respecting con- 

_ employment had been asked for as 

the two previous Annual Reports. 

t (9) F. & W. Act, 1901.) 

views of the Association 

as follows: 


{\? 


si 


were exX- 


36! 


It appears to the Association that Sec. 122 (6), 
F. & W. Act, 1901, requires a record of all young 
persons ascertained by medical examination to be 
physically defective, and of the action taken by 
the certifying surgeon with respect to such. The 
word “results” is used, and as this signifies more 
than rejections a return confined to these cannot 
cover the obligations. 

Apart, however, from the strict legal require- 
ment, it is considered of public interest that a full 
record of the “results” of these medical examina- 
tions should be available. The system of condi- 
tional certificates, in spite of its imperfections, is 
regarded as having greatly extended the useful- 
ness of the certifying surgeon, and as being of 
proved benefit to large numbers of young people on 
commencing their industrial career, 

I have to point out that the action taken by the 
certifying surgeon, as a result of the defects found, 
depends as a rule more on the nature of the indus- 
try and its capacity for providing suitable alter- 
native employment than on the nature of the bodi- 
ly disease or infirmity per se, so that any particu- 
lar defective may be totally rejected at one factory 
and certified conditionally at another. The bulk 
of defectives may therefore be said to be of one 
class, dealt with in two different ways according to 
varying circumstances. The incomplete return at 


present asked for cannot possibly give any idea 
of the discrimination exercised in dealing with 


these young people, and is therefore unfair to the 
surgeon as well as misleading to the public. 

Whilst the former publication in your Annual 
Reports of a complete summary of conditions at- 
tached to certificates of fitness has undoubtedly 
served a useful educative purpose, in view of the 
labour entailed in compiling the table, the Associa- 
tion does not press for its renewal. On the other 
hand, it is respectfully suggested that a full classi- 
fication of all those found affected with disease 
or bodily infirmity should be published under two 
divisions, viz., (1) rejections, and (2) certified con- 
ditionally. This would simply mean the adding of 
a third column to Table II. 


The Chief Inspector expressed through Dr. 
Legge his agreement with the views of your 
Council, and further suggested that it would 
be well, when altering the form of report, to 
revise the list of medical reasons for rejec- 
tion, and that in any such revision the Asso- 
ciation might usefully co-operate with Dr. 
Legge. The old classification has always been 
regarded as unsatisfactory by the Associa- 
tion, the consequence being that for many 
years it was considered necessary to compile 
its own statistics from special returns by 
members. As it is a considerable time since 
an alteration was asked for, and then unsuc- 
cessfully, it is particularly gratifying that 
the suggestion on this occasion should come 
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from the Department. Your Hon. Secretary 
had several interviews and some correspond- 
ence with Dr. Legge, which resulted in the 
adoption of a new and concise form of return 
which would show the complete results of the 
examination and at the same time not over- 
load the certifying surgeon with book-keep- 
ing. The improved form of return was dis- 
tributed at the end of the current year, but 
a number of certifying surgeons had been 
advised of the impending change some 
months before this. In order to assist mem- 
bers the Council has devised a simple method 
of keeping reeords which, with the minimum 
amount of caleulation at the year’s end, will 
provide the Department with all the infor- 
mation required. A large number of these 
record forms have been printed by the Asso- 
ciation and bound together into various sized 
booklets to suit the varying annual numbers 
examined by those members who have adopt- 
ed the system. The cost of the booklet varies, 
according to size, from 1s. to 4s. 6d., and 
members desiring replicas should communi- 
eate with Mr. Chambers. 


JOINT INTERVIEW WITH THE CHIEF INSPECTOR 


A letter, dated Ist March, was received from 
the British Medical Association conveying the 
information that complaints had been re- 
ceived respecting the inadequacy of the fees 
paid to certifying surgeons, and that the 
question had been referred to the Medieal- 
Political Committee, which had in turn ree- 
ommended the Couneil to co-operate with this 
Association with a view to getting the fees 
improved. Particulars were asked of the 
steps already taken or which it was proposed 
to take to this end. Details of the action 
taken by this Association during the past 
vear were duly supplied, along with copies 
of correspondence with the Factory Depart- 
ment and of the two revised seales of fees 
issued by the Hlome Seeretary. 

It was ultimately agreed that the correct 
policy would be for the secretaries of both 
Associations to talk the matter over with the 
Chief Inspector of Factories. An appoint- 
ment was made, and Dr. Cox, Dr. Lord, and 
your Ilon. Secretary met the Chief Inspee- 
tor and Dr. Legge, on 2nd June, at the Home 
Office. It was recognized by all parties, in 


view of the existing industrial depression, the 





o~-—— 


urgent necessity for all-round economy, 
the fact that the fees for certifying and 
aminations under special rules and reg); .- 
tions had recently been revised, that yi vy 
special reasons must be advanced to warr:nt 
a further amendment of the minimum sea)os. 
Your Hon. Seeretary pointed out, howe) oy. 
that the alterations made had apparently iio; 
resulted in the inereased earnings antici- 
pated by the Home Secretary when issiiing 
his orders. This is due to the fact that {he 
basic fee for a visit had not been taken into 
consideration, as had been the case when 
visits to the factory were first instituted, and 
this resulted in the actual fee paid remaining 
as before unless more than two patients were 
examined. Dr. Cox further stated that the 
net results showed that certifying surgeons’ 
fees had not been increased to the same <e- 
gree as those paid to other medical men em- 
ployed by Government Departments. Dr. 
Cox further promised to supply a list of re- 
vised fees paid by other Departments, and 
this promise has since been carried out. Noth- 
ing further has transpired in connection with 
these representations since the interview. 
Discussion also took place on representa- 
tions made by this Association in the letter 
forwarded on 7th March to the effeet that the 
compulsory provision of first aid and ambu- 
lance equipment in certain factories cannc 
be expected to achieve the desired results 
owing to the absence of further provision for 
medical supervision and direction. Dr, Cox 
was of the opinion that such a state of affairs 
might lead to unqualified practice and that 
the requisite supervision could be readily pro- 
vided by a works doctor or the certifying sur- 
geon for the district. This Association liad 
recommended that it should be made 0!)/iga- 


tory upon the employer to obtain, every | liree 
months in the case of works employing 00" 
or more persons, and every six months » ere 
less than this number were employed, «© ce! 


tificate to the effect that the provision ac 
was suitable and sufficient. Dr. Legg 
tioned that Form 924, Part 10, strong). rr 
ommended occupiers to arrange f0! me 
form of medical supervision of first-aic 
and ambulance rooms, and suggeste: 
where medical treatment was not pr‘ 
arrangements for supervision might b 
with the certifying surgeon. It was | 


out, however, that dependence can 











eed on purely voluntary effort. The sug- 
‘ion that opportunity should be taken of 
y fresh legislation to introduce provision 
- this necessary supervision was favorably 
eived. 


MUTURE OF THE CERTIFYING SURGEON 


in the report on reconstruction of the Fae- 
y Medieal Service, your Council promul- 
‘ed a practical and economical scheme for 
tive medical supervision of factories. It 
has always consistently maintained that the 
oniv way to deal with the appalling amount 
o! industrial sickness and mortality is by 
abolishing the unhygienie conditions of oecu- 
pation, that it is a Government obligation to 
ereate the necessary medical supervision in 
the factories themselves with a view to estab- 
lishing the faults and devising the remedies. 
and that the certifying surgeon could be 
made into an extremely useful adjunct in 
the carrying out of a properly thought-out 
plan of action. Industrial preventive medi- 
cine is a branch of State medicine, and must 
be taken in hand by the State if it is to prove 
universally effective. The Factory Depart- 
ment’s introduction of the medical element 
into the study of specific dangerous trades 
has had remarkable results in this country, 
but not without being followed up by statu- 
tory notifications and regulations as well as 
by a considerable amount of useful work by 
the factory surgeon. It would, therefore, ap- 
pear quite logical to infer that similar ma- 
chinery and methods are required to prevent 
certain well-known general diseases from 
singling out particular industries for their 
most extensive ravages and heaviest mortali- 
tics. The relief afforded by State provision 
| medical attendance and sanatoria dimin- 
istics the suffering but has little effect on the 
niaber of sufferers. Laboratory investiga- 
and the medical examination of adult 
Worksers, so extensively advocated in some 
‘ers, will not in themselves bring the goal 
antially nearer. 
| as it may seem, however, there appears 
no doubt that the Government is, for 
‘cial reasons, in no position at the pres- 
‘ime to undertake any extension of ex- 
‘ Obligations; and so far as coneerns the 
ving surgeon from the official stand- 
indications are in the direction of his 
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remaining in statu quo for some time to come. 

As the State is not in a position to take in 
hand this problem of excessive industrial 
mortality, it would appear to the interests of 
this Association to keep in touch with the 
efforts being made to induce employers to 
take action voluntarily. Whilst it is beyond 
doubt that only the State can reach every in- 
dustry and every employer, voluntary effort 
within its manifest limitations has done and 
ean do great good; even as a tentative meas- 
ure it has its undoubted attractions, one of 
the most pronounced of which, from an em- 
ployer’s standpoint, is its promise of in- 
creased industrial efficiency. 

The welfare movement, which is to a very 
large extent voluntary, has made great head- 
way and has come to stay. The rapid rate 
of progress may be measured to some extent 
by the fact that those interested in the work 
have already banded themselves into two 
very active societies, each publishing its own 
journal. The Welfare Workers’ Institute 
is the organization of those actually engaged 
in the work of welfare supervision, whilst the 
Industrial Welfare Society appears more par- 
ticularly to serve the objects of employers 
and others interested in welfare propaganda 
work generally. There is also established the 
Institute of Industrial Administration, which 
includes among its activities both industrial 
medical matters and welfare. Another im- 
portant society is the National Institute of 
Industrial Psychology, which is devoting cer- 
tain of its energies to the study and expouna- 
ing of the subject of vocational selections 
from the psychological standpoint, and hes 
associated with it a number of eminent 
scientists. 

Whilst in this country the various bodies 
mentioned are all, within their respective 
orbits, very busy in their efforts to improve 
the lot of the industrial worker, it must be 
borne in mind that America has for some 
time led the way in voluntary action. The 
industrial physician is a well-established en- 
tity in the United States; indeed, it is esti- 
mated that of thirty-nine millions of indus- 
trial workers eight millions are under the 
influence of medical supervision. In a con- 
siderable proportion of the works concerned 
the industrial physician adopts the complete 
plan of dealing with the problems of ill- 
health from the preventive as well as from 
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the curative side, and many establishments 
are thoroughly equipped with hospitals, sana- 
toria and research laboratories. 

[lowever little likelihood there may be of 
any carly alteration in or extension of the 
statutory Cuties of the certifying surgeon, 
there is no doubt about the unofficial efforis 
being made to influence public opinion in 
the direction of medical supervision by the 
American method, 7.e., the wholesale estab- 
lishment of the industrial physician, or works 
doctor as he is ealled over here. During the 
past vear a committee of one of the organiza- 
tions mentioned was understood to be hold- 
ing an exhaustive inquiry into the duties, 
status, salary and conditions of service gen- 
erally of the works medical officer, with a 
view to making representation to ‘‘the proper 
authorities’? on what the position should be. 
Another of these bodies has held industrial 
medical service conferences and, it is under- 
stood, intends to hold sueh conferences sys- 
tematically in different parts of the country ; 
this body is also strongly advocating medical 
examinations at all ages. 

Up to the present time the institution of 
the works doctor has not been advocated as 
a substitution for the certifying surgeon; con- 
sequently it does not require a too analytical 
temperament to recognize that if these ap- 
pointments are made to any great extent a 
very objectionable overlapping must ensue. 
Obviously, then, the correct way to avoid 
overlapping is for the certifying surgeon to 
intimate his willingness to take on the addi- 
tional duties of the works doctor whenever 
suitable arrangements can be made. Whole- 
time appointments would, of course, be out- 
side his seope, and so would part-time ap- 
pointments requiring a major portion of the 
surgeon’s time, but as the present move.is not 
eonfined to large works, but is meant to bring 
in the medium and smaller ones, it would 
appear that the certifying surgeon, who is 
eontinuously in his district, who is regularly 
visiting factories for statutory purposes, and 
who has the requisite knowledge of occupa- 
tional risks, dangers, and unhygienie condi- 
tions, would be the proper person to take up 
the bulk of this new work. There are, of 
course, some certifying surgeons in important 
industrial districts who could not under ex- 
isting circumstances spare the additional 
time, and these surgeons would have to con- 


sider very seriously whether, in case of nece 
sity, it would not be the correct policy to b; 
ance matters by giving up a proper propo 
tion of their districts. The Couneil is n 
anticipating that employers generally w; 
show any alacrity to take up a fresh poli 
of this nature until a revival of trade jus’ 
fies them financially, but it does hold strong! 
to the view that members must keep alive | 
the possibilities of the movement and 
ready to take on any of this work when o 
portunity presents itself. 

Attention was directed in the last Annua| 
Report to the wisdom of co-operation wit! 
the Welfare Supervisor, and the Council 
convinced that every certifying surge 
should exert himself to the utmost in th 
direction. The present-day importance of 
the certifying surgeon is not so much con 
cerned with his absolute power to reject 
pheants for employment outright, as with | 
discretionary power to grant certificaies un 
der express -conditions. This certifving 
the child, or young person, for a class of em 
ployment suitable to his health and physica! 
powers, which was strongly advocated by the 
old Association of Factory Medieal Officers 
fifty years ago, was commonly, though unofti 
cially, practised long before it became a statu- 
tory function in 1901, and the system \ 
first expounded internationally by the Hon. 
Secretary of this Association at the second 
International Congress on Diseases of Occu 
pations, held in Brussels in 1910. The ma 
fest advantages which first became evident 
the practical mind of the earlier certifying 
surgeons have latterly been very extensively 
paraded under the new and rather more | 
posing mantle of occupational orientation 
vocational selection. The weakness of 
system as practised in this country has 
ways been due to the want of any provis 
for making certain that the conditions 
tached to the certificates would be earried : 
Again practical experience has indicated 
proper course to effect a remedy, this tim: 
way of the Welfare Supervisor. This of! 
has the same relationship to the certif) 
surgeon as the nurse has to the pract! 
physician or surgeon. Where the necess 
co-operation has been arranged, the Wel: 
Supervisor sees to the proper accommoda' 
for the examinations, takes charge of the ¢ 


eral register, makes the required entries 
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proper time, collects the birth certificates, 
. the examinees ready for the surgeon on 
- arrival, gives any required assistance dur- 
» the examinations, and, above all, makes 
-ofal note of the conditions and recom- 
ndations attached to the certificates, with 
object of making certain that they are 
‘ried out. It is also an easy matter to ar- 
nee for re-examinations. This co-operation 
ot difficult to arrange, as it is almost uni- 
sally the case that factories extensive 
ugh, or sufficiently up to date, to have 
en up welfare work, make a point of con- 
ting with the certifying surgeon for week- 
visits. Should there be found a firm which 
adopted welfare without having a con- 

ct with the certifying surgeon, the latter 
uld arrange with the supervisor for both 
ake representations respecting the advan- 

‘s to be gained by these weekly visits; and 
re the converse obtains the surgeon should 
iis best to convert the management to the 
‘are movement. Co-operation is in some 
‘ances carried much further. The re-ex- 
ination is extended to those between 16 
1S years of age, and is made more com- 

ie, the employer, of course, materially in- 
‘reasing the eontract fee. In view of the 
rejuced number of examinations due to 
‘imitation and other reasons, the Council 
ngly recommends this extended arrange- 


ie action taken by the Council with re- 
‘t to medieal supervision of first-aid and 
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ambulance equipment has been explained 
earlier in this Report. Apart from what 
legislation may do in the future, we know 
that the Department would heartily approve 
of voluntary arrangements being made with 
the certifying surgeon to undertake this duty. 
The Council has also every reason to believe 
that this supervision would be very welcome 
to Welfare Supervisors who are not already 
enjoying the exceptional privilege of work- 
ing alongside a works doctor. Welfare Su- 
pervisors are well aware that first-aid in a 
factory is by no means confined to the pre- 
liminary dressing of wounds. All kinds of 
ailments are brought to their notice, and it 
eannot but be a distinct advantage to them, 
as well as to the worker and his employer, to 
have the benefit of medical advice in dealing 
with these. It should also be pointed out that 
the certifying surgeon can be, and has been, 
of very welcome assistance to Welfare Super- 
visors by giving addresses on some useful 
subject in connection with their work at the 
branch meetings of the Institute, which are 
regularly held during the winter months in 
various centres. The Welfare Workers’ In- 
stitute publishes the excellent monthly Wel- 
fare Work, which might be subseribed to by 
every certifying surgeon with advantage. The 
moderate sum of five shillings annually, sent 
to Gloucester Mansions, Cambridge Circus, 
Shaftesbury Avenue, London, W.C.2, will 
secure regular delivery of this extremeiy use- 
ful periodical. 
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